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PREFACE. 



The author, having heard a desire expressed by many for a 
practical treatise upon Hydraulic, Steam, and Hand Power 
Lifting and Pressing Machinery, has been induced to under- 
take the task. The work is addressed to engineers whose 
practice has not been in this branch of engineering. Also 
to architects and users of such machinery, to give them an 
insight into the same, and to afford some help, either in the 
design or as a guide to the adoption of machinery suitable to 
the special requirements of the particular case. 

Most of the machinery and work described, except some 
cases specially mentioned, are from the author's own experience. 
Assuming that practical men are chiefly addressed, he has not 
gone into any rudimentary descriptions, but has mentioned 
only such details as may be useful for the purpose. Very 
little discussion is entered into relative to the value of certain 
machines, for the same reason ; but the few results given from 
practice may prove more useful. He trusts that the work 
may be acceptable to those who are seeking information in 
this branch of practice. 

The work has been written in a concise form, as it was 
thought it would be more acceptable to those addressed to have 
practical facts and data expressed in as few words as possible. 



The author fe&ra, owing to the want of time at hia disposal, 
that the work is not in such a perfect form as he would 
have wished ; he, however, tnixts all shortcomiDgs in this 
respect will meet with lenient judgment from his readers. 

The author has to express his thanks to Messrs. Clark and 
StandBeld, Mr R. a Tweddell, Mr. J. B. EUington, Messrs. 
Thomewell and Warham,and Mr. H. Adams, for their courtesy 
in affording information on the speciaUties designed and mode 
by them. Also to the Council of the Institution of Civil 
Engineers, for their courtesy in allowing the author to use 
Drawings Nos. 1, 3, 4, 6, 8, 9, 13, 15, and 17, from the 
TransactioTU of the Institution, vol, 50. 

FREDERICK COLTER, M.IN3T.C.E.. M.Inst.M.E. 

18, Great Geobok BninT, 

Wbthiksteb, B.W. 

Jtdy. 1S81. 
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CHAPTER I. 

HYDRAULIC HIGH-PRESSURE LIFTING MACHINERY. 

The first practical use of water for the transmission of force 
was made by Bramah, in the hydraulic press of which he was 
the inventor ; it was patented in 1796. He also intended to 
use the* same system as a motive power for cranes, etc. For 
transmitting power to great distances, water is the most 
suitable, and in the end, most economical ; it possesses many 
advantages over other plans, of which the author treats in 
another place. 

The hydraulic system, as applied to cranes and other lifting 
apparatus, was first brought into extensive use by Sir W. G. 
Annstrong, to whom the author wishes to bear full testimony 
as the "pioneer'* of most of the work done since in this 
branch of engineering. From the success which attended his 
first efforts in this way, in 1846, may be traced the researches 
of others in the same line, and the execution of most important 
and successful works. 

The author does not intend here to go closely into the 
question as to the relative cost of lifting by hydraulic power, 
as compared with other plans; he will add a few remarks 
as to this at the end of this section of the book (see p. 33). 

The useful effect obtained from direct-acting hydraulic 
apparatus is about 93 per cent., and when short-stroke cylin- 
ders, combined with movable pulleys, are used, it varies from 

B 



2 HYDRAULIC HIGH-PKESSURE LIFTING MACHINERY. 

(iO per cent, (at 10 to 1) to 75 per cent, (at 4 to 1) ; — this is 
assuming the machinery to be of the best kind. 

In most of the lai^e docks in London and elsewhere, 
hydraulic quay cranes are usually fixed ; portable cranes, 
however, are coming into use in many places. The circum- 
stances of the work to be done, and arrangement of the place 
must decide which is the most suitable plan. There b no 
difficulty in connecting the water pressure from the main 
pipes to the cranes. 

Machinery for this class of work will now be described in 
detail. The engines for pumping the water, and the boilers 
to supply steam for same, are the first consideration. These are 
usually placed at a convenient spot, — where possible, about 
midway between the work to be done ; this, however, is not 
of great moment, because, in the case of docks, to satisfy the 
fire insurance companies, and reduce the amount of the pre- 
miums on the policies, the engine and boiler houses are often 
placed outside the dock, the mains being carried a considerable 
distance from the engines and pumps. Special arrangements 
are necessary as to accumtilators and .valves, which are described 
in another place. 

The application of hydraulic machinery is a large and most 
important subject ; the author has hereafter f\]ily treated most 
of the apparatus in general use. If more detail is mentioned 
than seems necessary to pi-actical men, the excuse is, so little 
appears to be known by many engineers, architects, and useiB 
of this cla-SH of machinery, that it is hoped the details t 
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of water at 200 feet from the ground line ; the size of the top 
of the tower is 26 feet squaie and 28 feet at base, walls 4 feet 
thick at base, and 3 feet thick at the tank level ; supply pipe 
is 13 inches diameter. 

Owing to the great cost of such apparatus, especially as 
regards the foimdation, for high-pressure work, this plan is 
seldom used. It has, however, one advantage over the other 
plans : the tank forms a large reservoir of power, and allows 
the cranes to be used for a certain period independent of the 
engines, and consequent attendance of the men in charge of 
the same. 

2. Air vessels were next tried, but the difficulty in keeping 
them properly charged with air and retaining the pressure was 
so great that this plan has been generally superseded by the 
apparatus described in the next chapter. It must be borne in 
mind that these remarks only apply to high-pressure work, as 
air vessels are still advantageously used for pressure up to 
200 lbs. on the square inch ; and, in places where accumulators 
are too costly and would take up too much space, they are to 
be recommended. 

A small air pump should be employed to keep up a steady 
supply of air, and thus maintain the proper working pressure 
in the pipes. 

The air vessel should be well made and double rivetted, 
and of ample size for the work. The pumping power should 
also be large, to be equal to any sudden demand upon the 
apparatus. The author prefers to make the air vessels small 
in diameter and high, in preference to a larger diameter and 
less height, as he believes the air is not so quickly absorbed 
on this plan by the water, and in this way less trouble is 
caused in keeping up the pressure in the pipes. 
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CHAPTER II. 



ACCUMULATORS. 

The water pressure for working cranea, etc., is usually given 
by the above apparatus, which consists of & loaded ram working 
in a cylinder, similar to a hydraulic press. The top of the 
ram carries a cage loaded with stone or other material, to give 
a dead load direct on the same ; this counter-balance c^e rises 
and falls between two iron guides fixed to strong timbers. 
Water is pumped into the cylinder until the required pressure 
is obtained ; this varies from 300 to 7aO lbs. per square inch, 
the latter being considered the most suitable for working cranes 
and hoists, etc. The cylinders and rams for the above pressure 
are made of thick metal, to stand heavy shocks. 

In the accumulators first made, the cage containing the 
load rose and fell above the cylinder ; but the more modem ones 
are made with a hole in the centre of the caaes, allowing them 
to work over the cylinder, as shown in No. I Drawing. 

Baaii pldti-s for tin; cylinder must hiivi.- iiuwLTrul rilw, and 
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pipe leading to the accumulator cylinder being on the main 
pipe, the loaded ram is raised ; if no crane, etc., is wanted at 
the time, the engines are stopped when the ram is full up. 
All the pipes are now charged to the full working pressure ; 
directly, however, pressure is required from the pipes, by 
using any crane, the ram falls and the valves of the engines 
are again opened by the self-acting gear, and the pumping is 
recommenced, so keeping up the required amount of pressure. 
The area of the ram and stroke depends upon the class of 
work; as a rule, not more than the contents of three crane 
cylinders are allowed. The pumps and engine power should 
be sufficient for the largest denvand that can be made in any 
emergency. 

The distance from the accumulator to the cranes is not a 
matter of much moment; but where the pipes have many- 
bends and follow a circuitous route, extra accumulators are 
usually fixed at various points. This specially applies when 
the work is done at a dock or wharf, and where the cranes 
are a long distance apart. 

The pipes used are cast iron, 2, 3, 4, and 6 inches diameter, 
f to 1^ inch thick, with faced joints, and two lugs to the 
flanges ; safety valves are fitted at various points, and means 
taken to protect the pipes from frost. 

The useful efiect of the "accumulator" is about 75 to 80 
per cent. The wear and tear is very small, and the consequent 
repairs almost nil. 

Engines for Pumping. 

The engines usually employed are high-pressure of the 
horizonta.1 class, coupled with one fly-wheel (see Drawing 
No. 2). The pumps are worked direct off the cross-head ; they 
have rams and pistons, and are double-acting ; the valves are 
india-rubber, with steel intennediate discs ; and only very small 
lift is given to them. The valve-boxes are arranged to be 
easily accessible, and each pump is provided with a safety 
v^lve, — in case of any sudden shock this prevents a fracture. 
The engines are controlled by the self-acting gear before 
named, worked by the accumulator. 
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The fly-wheel should be heavy, turned on the rim, and well 
balanced. 

Foundations must be very good, and a sound bottom 
obtained, to keep the engine from vibration. 

The speed of the engines vary from a few strokes per 
minute to 300 feet per minute. 

The beat kind of engines are high pressure worked ex- 
pansively ; all other types are too complicated, and likely to 
get out of order. The engines should be strongly made, and 
of ample power compared to the work to be done. 

The engines sometimes have the pumps fixed at the back of 
the cylinders ; they take up rather more space, but some ad- 
vantage is gained by the facility with which the valves and 
oil working parts can be got at without going under the floor 
of the engine-room. This is a matter of detail, and does not 
aSect the system of working. 

The boilers are of the Cornish or Lancashire type, and 
should be placed in a house near, so that the same man who 
attends the engine can also superintend the stokers in the 
boiler-house. The boiler should be of ample capacity to meet 
any unusual demand upon the engines. 

Water used. — In the case of docks, most of the water is 
returned to the dock ; but in smaller places it is used over 
again, so there need be but little waste, It is very important 
to keep the water clean and free from grit and dirt. All tanks 
should be covered, and cleaned out at stated [leriods. 
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CHAPTER III. 

HYDRAULIC CRANES. 

Cranes for dock and wharf work are usually constructed as 
shown in Drawing No. 3. Taking a two-ton crane as a type, 
the posts are of cast iron, fixed to a base plate ; the jib works 
round on the turned head and base of same ; it is of wrought 
iron, formed either like a rivetted girder, or two slabs, strutted 
apart by cast-iron distance pieces or wrought-iron bracings, to 
keep them from " raking." 

The top wheel is 18 inches in diameter by 3 inches wide, 
with a plain groove for the chain to work in ; and in order to 
reduce the friction, the groove should be turned. 

Working Cylinders (see Drawing No. 4). — The cranes are 
worked by cylinders fixed horizontally under the quay or 
jetty, with rams working through stuffing boxes or leather 
packing ; the diameter of rams and the stroke depend upon 
the weight and height lifted. 

To the head of ram is fixed a carriage with movable pulleys. 
The chain is attached to the base of the cylinder, then passes 
over the movable and fixed pulleys, giving the necessary 
length of chain for the height to be lifted. 

To swing the crane two separate cylinders are used, having 
chains passing from the ram-heads to a grooved wheel keyed 
upon the jib-post, near the bottom. The cranes are worked 
by two valve boxes and two sets of valves — one to control the 
raising and lowering, the other the "swinging." Air valves 
and safety valves are provided to each crane, to take any sudden 
shock and so prevent fracture. 

At some wharves the cylinders cannot be sunk below tlie 
ground line; in this case the jib is fixed upon a platform, and 
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the cylinders below. This has the additional advantage that 
the jib is kept clear of the sides of the vessel when the level 
of the water rises. 

For small weights and low lifts, the cylinders are fixed in 
the hollow part of the crane post. The same arrajigeraents are 
made as before as to the stroke of the cylinders compared to 
the height to be lifted. 

In eases where craft have to be unloaded from a V-shaped 
"jetty" some distance from the front of the warehouse, a 
special jib is fixed in framing, and at a sufiicient height to keep 
the floor of jetty clear to land the goods; the jibs in these 
cases are from 25 to 30 feet radius, and sometimes more. 

Wharf cranes are usually made to carry 35 to 40 hundred- 
weight, and for exceptional weights one or more cranes are 
fixed, capable of lifting up to 5 tons, fitted with two lifting 
cylinders when not wanted for such heavy weights. One lifting 
cylinder only is used for the lighter weights, and so loss of 
power is saved, or where the business is large these cranes are 
only used for the heavy weights. 

For cranes to lift above 10 tons, it is advisable to apply 
auxiliary hand power to enable these occasional weights to bo 
raised. The strength of all the various parts being made 
suflicicnt to take the maximum load, a movable block is used 
in such cases. 

Htdraulic Crane, 160 Tonb. 
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are of necessity very costly, but as they have to deal with 
goods of great value, such apparatus are true economy in the 
end. 

It need hardly be added the foundations must be carefully 
made, massive, and resting on a sound bottom. Where the 
ground is soft or marshy, piles should be driven, and a plat- 
form of concrete formed on it, and on this the masonry or 
brickwork is built. 

Movable Cranes (Drawing No. 6). 

For dock and wharf work cranes are made portable, and are 
run on rails to any spot required. Hydrants are placed at 
various points in the pressure mains, with convenient means 
of attachment at the base of the crane. A sliding or telescope 
pipe is used to admit of some adjustment. 

The crane is usually made with the working cylinder fixed 
inside the post. It is more convenient for light weights to 
dispense with the swinging gear. 

The valve motion is much the same as in the other cranes. 

This class of crane possesses many advantages for dock or 
wharf work, especially in the latter case, the wharf usually 
being by the side of a tidal nver. At the fall of the tide the 
vessel grounds, and when discharged, or all the goods taken 
out of one " hold," the crane can be moved on to next hold, or 
another ship or craft. 

Some difficulty was experienced at first use of these cranes, 
on account of the joints leaking; subsequent improvements 
have now got over this difficulty. 

A leading dock manager, and a great authority on " Lifting," 
has lately stated, " he would always use hydraulic cranes in 
a dock ; but in any new dock he would prefer to have them 
movable." 

It must be borne in mind, to make cranes pay they should 
work as many hours as possible. The above plan allows of 
this ; it also lessens the number of cranes required at a wharf 
or dock ; it keeps the wharf or quay clear, and so allows of 
extra space for stowage of goods. 
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Ellington's Patent Movable Hydraulic Winch, 
Shown on Drawing 7, consista of a Brotherhood's three- 
cylinder engine, on the shaft of which is keyed a double drum 
with brake-wheel, supported on a substantial iron ft'aming 
fitted with wheels and axles. The front wheels are made bo 
as to turn under the frame for convenience in moving about. 
The weight of the apjuir&tus is more than sufKcient to balance 
the load to be lifted, and only requires to be kept steady by 
"chocks" under the wheels. 

The engine is controlled by a balanced valve, which is ased 
for starting, stopping, or reversing the engine. In most cases 
the machine is used with an up and down rope or chain, 
passed over snatch-blocks. At each lift the engine is reversed, 
and the only overhauling weight required is that sufHcient to 
l)alance the chain. Where working with a single chain, by 
]>lacing the handle of the controlling valve in a different posi- 
tion, the water already in the engine cylinders is allowed to 
circulate and acts as a water brake, the overhauling weight 
being sufScient to turn the movable parts. 

A series of jointed pipes allows a convenient amount of move- 
ment of the apparatus without disconnection with the pressure 
main, the exhaust water being led back to the return main 
through a length of hose. The brake is added as an additional 
])recaution to be worked by a handle, and is powerful enough 
to hold the engine with the pressure on, while it enables the 
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Special arrangements are made, as shown in Drawing No. 0, 
where the ram cylinder forms part of the post. The crane is 
swung by the usual separate cylinder. These cranes are veiy 
handy where the weight and height to be lifted are about the 
sama In many cases, especially when the weights are light, 
no swinging gear is attached, this operation being easily done 
by hand. The valve gear for both these cranes is of the usual 
type. 

Warehouse Cranes. 

The jibs consist of two wrought-iron slabs with cast-iron 
distance pieces between. The jib-head carries a grooved 
wheel ; the chain passes from the cylinders through the foot 
and up the hollow post of jib, to this pulley. The hook is 
made with a safety spring, and near this is fixed a cast-iron 
ball sufficiently heavy to run out the chain. 

The jib is carried on a cast-iron plate, well bolted to the 
walls^ with top and bottom bearings for the jib to work in. 
Pipes should be carried from inside the building to the bearings, 
for the purpose of oiling. 

Working Cylinders. — These are the same as described for 
the wharf cranes, except that the cylinders are usually fixed 
vertical on the inner wall of the building, and in most eases, 
only one lifting cylinder is used, the cranes raising a certain 
maximum load, separate cranes being fixed where required 
to take the heavy loads. The valve boxes and levers are 
same as before described. Separate cylinders are used for 
swinging the jib, applied in same way as the wharf cranes. 

Johnson and Ellington's Patent Double-Power 

Hydraulic Crane. 

Plate 10 shows a form of double-power crane whieli is 
in extensive use and merits notice. A single slieave is 
mounted on the head of the ram working in the cylinder, and 
the ends of the chain passing over the sheave are attached to 
smaller sheaves, one on the one side and two on the otlier. 
£ither of these sheaves can be locked so as to form the fixed 
end of the chain passing over the ram. When one end is 
fixed the crane will lilt a gieater load than when the other is 
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fixed. An ordinary hydraulic crane, constructed to lift 25 
hundredweight 40 feet, would for each lift use the same 
quantity of water, whether the load were 25 or 10 hundred- 
weight ; but in this crane, with the same size of ram, it 
would only malce half the stroke, using half the water, when 
lifting the lighter load. 

It is specially adapted for working high warehouses where 
the loads vary, as, without increasing the size of the apparatus, 
a 10 or 15 hundredweight crane is made to lift 2U or 30 
hundredweight half the height. In cases where heavy goods 
are landed on to a quay, and light goods only warehoused in 
the top floors, the saving effected by this system is very great; 
and the lighter loads can be lifted at an increased speed. 
Between sixty and seventy lifts per hour is an ordinary sjieed 
of lifting. 

Thornton's Double-Chain Sack Hoist. 

Drawing No. 11 shows an improved sack hoist fixed in the 
roof tiinbei's of the building, and arranged for one chain to 
lower while the other is hoisting. There are two Iiydraulic 
cylinders and rams with chains led over multiplying dheave 
on the ram-head and coiTesponding aheaves on the cylinder 
end, and on to a chain wheel which, in its turn, actuates the 
two winding drums. The working valve is ananged to open 
each cylinder alternately to the pressure and exhaust, thus 
raising and lowering each chain. With one of these hoists as 
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At another time one crane discharged 480 tons of coal in 
8^ hours, equal to 58} tons per hour. Another 64 tons in 51) 
minutes, equal to 65 tons per hour. 

The author believes the above work is the largest amount 
ever done by hydraulic cranes for this class of work. 

These cranes multiply 8 to 1, and give a high working 
result. 

The coal skips used are 3 feet 6 inches in diameter, by 
3 feet 3 inches deep, and hold 14^ to 15 hundredweight, ac- 
cording to the kind of coal. 

The cranes are tested once per month, and kept in proper 
working order. 

Cost of working the machinery, including maintenance, re- 
pairs, but exclusive of interest and the men in the " hold," is 
about Id. per ton lifted ; taking all expenses, the cost may be 
put at 2d. to 2Jrf. per ton. 

The cranes weigh at ffie sarnie tivie as lifting. The machines 
for this purpose are tested by the meters once per month. 

The above data as to amount of work done will only apply 
to places of like magnitude. 

Capstans. 

These useful apparatus are shown in the Drawing No. 12. 
They consist of two or three hydraulic cylinders with ram 
pistons working direct on one crank shaft. They are fixed 
immediately under the capstan-head, to which they give 
motion. ITie valve gear and levers are of much the same 
construction as the cranes, and are fixed in a convenient place. 
Guide pulleys are fixed at various spots, so as to be able to 
draw the trucks in any direction. Some discussion has taken 
place as to the shape of the " head ; " the author considers it 
is advisable to use them with a slight taper only. 

Brotherhood's Patent Three- Cylinder Hydraulic 
Capstan, — The three-cylinder capstan shown on Drawing 
No. 13 is one of the best applications of Brotherhood's engine, 
and the capstan itself is worth notice, as it was the first con- 
structed in which the engine and capstan were made self- 
contained on one bed-plate. The engine is coupled direct to 
the capstan-head. 

An important feature of three-cylinder single-acting engines 
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is that the moving parte are only subjected to strain in one 
direction, and in the Brotherhood engine advantage is taken 
of this in a particularly neat arrangement of the connecting 
rods, which all work on one crank pin, and are always in 
compression. 

The simplicity of the constrtiction of this capstan is shown 
by the fact that it can be taken to piec«s and put together 
again in less than half an hour. 

Capstans are largely used by the cailwaj companies and 
others for hauling wagons in the goods yards, and a train of 
12 to 20 loaded wagons can be drawn by a single capstan. 
The controlling valve is actuated by a treadle. 

The engine working dii-ect on to the capstan, as in Brother- 
hood's, reduces friction to a minimum, and the absence of 
gearing and alternate strains renders a breakdown a very rare 
occurrence. 

The use of capstans ought to become general in private 
works, the cost is not half that of horse work, and when 
hydraulic power is otherwise used the first coat is not high. 

In cases where it is imdesirable or difficult to construct a 
pit (generally about four feet deep) under the capstan, Mr. 
Ellington has introduced an improvement by which the 
capstan is lifted bodily about two feet above ground without 
breaking any pipe jointo, thus giving access to the working 
parts, while the working of the engine can be teet«d in its 
raised position (see Drawing No. 14). 
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CHAPTER IV. 

SWINGING APPARATUS FOR BRIDGES. 

For heavy iron bridges a very useful application of hydraulic 
y»ower is made. The pin upon which the bridge turns is raised 
by hydraulic power to take the pressure off the rollers and 
leave all perfectly free. Hydraulic cylinders with chains and 
wheel, same as for the cranes, are used for working, or small 
hydraulic engines with wheel and rack gear fixed to the under 
side of the bridge. When the weight of the bridge is con- 
siderable, the whole weight is not taken off the centre, on 
account of dangerous oscillation ; usually about two-thirds is 
taken, leaving one-third on the rollers. 

The largest bridge of this kind is the one across the Tyno 
at Newcastle ; it is about 280 feet long and weighs upwards of 
1200 tons. The author has seen this bridge swung open, 
allowing one vessel to pass, and dose again in three minutes 
with the greatest ease. 

Turn-Tables for Railways. 

Hydraulic power is applied to these in much the same way 
as above. The turn-tables can either be worked by cylinders 
as before described, or by the small hydraulic engines working 
in a rack or wheel fixed to the centre pin. They are much to 
be recommended, as at nearly all lajge railways hydraulic 
power is available. 

Hydraulic Hoists. 

Wagon Hoists are used at the various railway depfits and 
other places (see Drawing No. 16). They consist of a platform 
about 22 feet by 9 feet, capable of taking a loaded truck. The 
table is constructed of wrought iron, powerfuDy framed with 



l(i HYDRAULIC HIGH-PKES3URE UFTIXO MACHINERY. 

4-inch timbLT itlatform, on which are fixe<l the rails for the 
trucks to run on. At the top of table are fixed vertical trough 
irons to form guides, and at the top a cross girder ; the chain 
is attached to this, and passes to the counter-balance. The 
vertical irons arc stayed diagonally. 

A raui d inches diameter by 20 to 25 feet stroke, equal to 
the height to be raised, is securely fixed to the lower part 
of the iron framlog of the platform. This ram works in a 
cylinder with a bored head, and provided with leather collar 
packing ; this is sunk in the ground. The table is guided at 
the sides by cast-iron planed bars fixed to strong timbers. 

The valve gear is much the same as for the cranes. Self- 
acting stopping gear top and Iwttom is provided in all cases. 
Generally these lifts are fitted with an extra small ram and 
cylinder, by which means part of the water is saved when 
the table descends, the small ram being used also to take up 
the empty table. 

The load raised is about 15 to 16 tons; the pressure usually 
employed is 700 to 750 lbs. per square inch. 

Light Truck Hoists. — A modification of the above is also 
used in warehouses and factories to carry up light trucks con- 
taining goods, and where the weights are light ; the rams are 
small in diameter ; to give them sufiicient strength, they are 
made of solid wrought iron or steel. Counter-balances in these 
cases are not generally used when heavy pressure is at hand. 

The valve motion is of a very simple kind. The table or 
i)latfunii is made of wioufflit iron, witli hard wood top. SeU- 
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CHAPTER V. 

HYDRAULIC CANAL BOAT LIFT. 

The author here gives (see Drawing No. 17) a description 
of the lift at Anderton, on the river Weaver, designed by- 
Mr. Edwin Clark, M.I.C.E. 

The difference of height between the river and the canal at 
this point was 50 feet 4 inches. The lift was designed to raise 
the barges direct through this height, and save expense and 
time of passing through locks. 

There are two lifts ; the barges are raised and lowered when 
floating in a trough of water, it being arranged that the 
barges descending in one lift should help to raise the barges in 
the other lift. The size of these troughs is 15 feet G inches by 
75 feet long ; they will hold either one of the largest or two of 
the small ordinary barges : these latter will carry, say, 40 tons, 
and the largest 100 tons. The sides of the troughs are 
wrought iron, 9 feet G inches deep at centres and 7 feet 
6 inches at the ends. The depth of water in the troughs is 
5 feet. 

At each end of the troughs there are lifting gates, and 
syphons at the side to regulate the depth of water required. 

Each ram is 36 inches in diameter ; of cast iron, in three 
lengths, bolted together. 

Weight of each trough, with the water and barges, equals 
240 tons, or a pressure of 4 j hundredweight per square inch 
on the ram. 

The details of the ram and cylinders are the same as the 
ordinary hydraulic lifts for heavy pressures. 

The well cylinders are 5 feet G inches in diameter. 

The accumulator to work the lift has a ram 1 foot 9 
inches in diameter, by 13 feet G inches stroke, and has a 

I,' -; c 
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capacity equal to one of the main lams for a stroke of 4 feet 
6 inchea. 

The two rams are in communication by a 5-incb pipe 
fitted with an equilibrium valve for opening and dosing com- 
munication between them. The pipe from the accumulator 
to the ram is i inches in diameter. 

The weight of each trough, etc., is the same when the same 
depth of water is in each. Suppose the heavier one descend- 
ing with, say, 5 feet of water against 4 feet 6 inches in the 
ascending trough, the valve between the rams being opened, 
the lighter one will be raised to within, say, 4 or 5 feet of 
the top. The rest of the lift is done by the accumulator. 

It is essential that the depth of water in the <Mcendi7tg 
trough should never be more than 4 feet 6 inches, the extra 
water being drawn ofi" by the syphons ; there are twelve of 
these to each b-ough. 

About ^J of the entire lift is done by taking a layer of 
water G inchea deep out of the aaeending brough ; this is about 
lo tons. The ^ to complete the lift is performed by the 
accumulator. 

Each ram and cylinder, with its trough, is in turn an 
accumulator to the other, and does its own work in lifting and 
lowering. 

Time. — The lift will take up and bring down two barges 
in eight minutes. Had this been done by a series of locks, it 
would take 1^ hour to 1) hour for each barge to pass through. 
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The total cost of the lift work was £29,463. The work was 
done in 1872, when iron was much higher than at present; and 
with many modifications that would be made in one at the 
present time (1881), it would cost considerably less. 

The above apparatus is a most ingenious application of 
hydraulic power. The designer has stated that he would 
another time use a single ram and trough, worked by a large 
accumulator ; ^ of the cost would be saved, and as much work 
done per day as with the double lift. 
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HYDRAULIC HIOH-PHESSURB LIFTS AND HOISTS. 

Lifts for Passenqers, for Hotels, etc. (Drawing No. 18). 

When worked on the high-pressure plan, they consist of a 
long cylinder sunk in the ground, with & ram working in 
same, having a stroke equal to the whole height to be lifted. 
To the top of the ram tiie cage or ascending room is attached. 
This room ia formed of strong iron framing well braced to- 
gether, with an iron roof, to prevent accident from weights 
foiling on top of same. The floor is of wood, and the sides are 
wood lined. 

Two cast-iron guide bare, planed, are fixed to stone tem- 
plates built in the walls ; and four rubbing guides, lined with 
gun-metal, are fixed to the cage at the top and bottom. The 
bars should be set dead plumb, and the rubbers should have 
no side play. For heavy pressures of water this class of lifts 
does not require any counter-balances. In other respects they 
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The cages are made of iron, with wood floors, and are fitted 
with an endless rope passing through same to the valves. 

Self-stopping gear is also fixed to prevent accident. When 
heavy pressure of water is used, counter-balances are not re- 
quired. The guide bars in this case are usually T iron, fixed 
to timbers or direct to the walls of the building. Safety gear 
is fixed to the top of cage to save accident in case of the 
chain breaking ; it is advisable to have the top of cage made 
of wrought iron, the same as the last. 

This class of lifts are not suitable for passengers, on account 
of the unavoidable risk that always attends the use of chains, 
ropes, etcL The author recommends the long ram lifts in all 
cases for passengers, as the only kind in which perfect security 
can be obtained 

Railway Platforms (Movable). 

Hydraulic power is used for working the above. One 
of this class of apparatus has been at work daily at the 
Paddington Station of the Great Western Railway for some 
years. The platform, when not required, is run under the 
main platform. Others have been fixed since the above ; the 
principle is, however, the same. They are very useful where 
an occasional communication is required transversely with a 
central platform at a terminus. When not wanted, they are 
drawn under the main longitudinal platform. 

CoAL-LOADiNQ APPARATUS (Drawing No. 19), 

For loading coals from trucks into ships at the river-side. 

The trucks are run on to a " lift " table, or platform. The 
truck is raised by a ram, working in a cylinder. When 
hoisted to the required height, the truck is tipped by a small 
hydraulic ram, fitted with trunnions, and the contents shot out 
of the truck down the iron shoot, into the ship's hold. A pair 
of doors is fixed across the mouth of the shoot to control the 
flow of the coal, and stop it when required. 

An hydraulic crane of same typo as before described is used 
to form a conical heap of coals, to save breaking the coal in 
discharging into the ship, sufficient being lowered in buckets 
taken from the mouth of the shoot, to effect this. 
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CHAPTER VII. 



CLARK AND STANDP1ELD8 SPECIAL HTDRAULIC APPABATUS. 

In addition to the hydraulic canal lift, already described, 
and shown in Drawing No. 17, designed by Mr, Edwin Clark, 
there are several other ingenious applications of hydraulic 
power to special cases that merit notice here. To make the 
matter more clear, the author has devoted a special chapter 
to these, and described the varioiis apparatus in detail 

Messrs. Clark and Standfield have hiid very lai^ experience 
in this class of apparatus. The author considers roost of the 
special hydraulic machinery he is now about to describe to be 
unique of its kind ; and that the detailed description will be 
acceptable to his readers. A short description is given in 
each case, sufBcient to explain the general system. More 
minute detail could not he entered into, being beyond the 
scope of the work, and forming, as it would, a book in itself. 

The designers of the machinery described in this chapter 
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<MDL two presses, the result will be that the weight will now 
descend. On opening the communication with the third press 
it will again ascend, and this may be repeated at wiU, only a 
press full of water being wasted at each stroke. As the tUrd 
press may be of very smaU size, and the waste of water may 
be supplied from an accumulator, this forms a very con- 
venient movement for the raising and lowering of guns, as 
shown at Drawing No. 20, or for similar purposes, such as lift- 
bridges, etc. 

The accumulator is constructed with three presses, A', B', A', 
and three plungers. A, B, A. They are loaded with the weight, 
W, which is adjusted to balance the gun, G, supported on the 
press, C, and its ram, C. The plungers, A A, are of such di- 
mensions that, when loaded with the weight, W, and connected 
jointly with the ram, C, they just balance the weight of the 
gun G, which is therefore free to be raised or lowered without 
any power except that necessary to overcome friction. When 
this equilibrium is obtained, a small additional weight, W, is 
added on the accumulator, which consequently descends, and 
elevates the gun, G, to its full height. ALL this time the 
plunger, B, is out of action, and is merely connected by a pipe 
with the supply reservoir. If it be desired to cause the gun to 
descend, the tap, D, in connection with the small plunger, B, is 
opened, so as to place aU three plungers in communication. 
The pressure being now distributed over all three plungers 
instead of only two, causes the weight, W, to ascend, and the 
gun, G, to descend. K it be again required to raise the gun, 
G, it is only necessary to close the tap, D, and the weight of 
the accumulator coming only on the two plungers, A A, again 
causes the gun to ascend as before ; the water under the small 
plunger, B, being, as before, allowed to return into the supply 
reservoir. In tliis way the gun, G, may be raised and lowered 
at pleasure by turning the tap, D, and the only power wasted 
is that of the small plunger, B, which is made of such size as 
to be just sufficient to overcome the necessary friction. It is 
evident that the same effect of obtaining a slight variation of 
pressure in the accumulator may be produced by either 
allowing the weight, W, to rest on the weight, W, or holding it 
off therefrom; and this may be done in many ways. For 
example, it may be effected by the central plunger, in the 
manner indicated by the dotted lines, X. Thus, if water under 
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pressure is introduced below the central plunger, and the 
weight, W,i«eod, the gun will descend ; but if the weight, W, 
is allowed to rest upon the weight, W, the accumulator will 
descend, and the gun again risa 

It is obvious that, by the arrangement described above, 
there need be no waste of power except such as may be just 
sufficient to overcome the friction of the leathers, etc., and one 
accumulator may be made to operate all the guns in a lai'ge 
fort 

In a second arrangement, they support a weighted accumu- 
lator, not on a single press, as is ordinarily the case, but on a 
group of three, four, six, or more presses, with a suitable 
arrangement of valves for throwing any one or more of them 
out of action. Let us suppose the object to be lifted to bo 
a bridge or an ascending platform, with a vaiying load of 
vehicles or people ; the accumulator is so weighted that when 
all the presses are in action, the platform slightly preponderates, 
and descends. If it be desired to raise it, one only of the 
presses is thrown out of action ; the accumulator, now resting 
on fewer presses, exerts a greater pressure, and the platform 
consequently ascends. If the load be a heavy one, more of 
the presses are successively thrown out of action, until the 
weight of the accumulator, resting on a smaller number of 
presses, oi' it may be on only one remaining press, exerts 
sufficient pressure to raise the platform and its load. By this 
way veiy little power is wasted, an the quantity of water 
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otlier end. The same system, when applied to hydraulic cranes 
for the lifting of variable loads, enables the power to be 
increased two, three, four, or six times at pleasure. 

Messrs. Clark and Standfield employ a somewhat similar 
arrangement to ensure that any load, such as a ship, or 
bridge, or a canal lift, when lifted by the simultaneous action 
of two or several presses, shall remain horizontal at all times. 
This is effected in the following manner: — ^Whatever be the 
number of presses supporting the bridge or other object to be 
raised or lowered, the same number of presses are grouped 
together under a single accumulator of the same weight as the 
load to be lifted. Thus, in a bridge, there might be two presses 
under each end of the bridge. These four presses would bo 
connected separately to four similar corresponding presses 
under one and the same weighted accumulator. By this 
arrangement, whatever be the inequality of the weight of tlio 
bridge, a perfectly uniform movement is secured in each of the 
four groups of presses, and the bridge must at all four corners 
ascend and descend with the same velocity, and preserve its 
horizontal position at all points of its ascent or descent. This 
is shown in Drawings Nos. 21 and 22. This arrangement is 
eminently suitable for transferring railway trains, either with 
or without their locomotives, from a low to a high level, or 
vice versa, and for surmounting abrupt prominences where 
inclined planes would be very costly in construction and 
expensive in working. 

The compensation is effected by a fixed syphon, S, supported 
by the tank, T. The accumulator, in addition to its weighted 
load, W, canies a compensating water-tank, M, which rises 
and descends with it. The syphon, S, dips into this tank, and 
as it descends, the tank becomes filled with water and its 
weight increased ; and when it ascends, the water flows back 
again through the syphon, S, and the load is diminished so 
as to preserve the equilibrium at all points of the stroke. 
If a be the area of the plungers, t the area of the tank, 
and m the area of the compensating tank, the proper size 
for this tank, when adjusted for perfect equilibrium, will bo 

20m = 2a + (2a x ^ ). 

The accumulator shown in Drawing No. 22 is formed with 
several plungers combined into a group, so that when it is desir- 
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able to cause several r&ms to ascend at the same time through 
equal diatancea, as in the caue of lifting the two ends of a 
bridge or a canal lifl, a railway train or gun platfonu, (he 
several rams employed may be supplied with water under 
pressure from separate plungers, and all the rams be thereby 
caused to ascend through uniform distances, a, b, e, d, and / 
are the six rams and plungers of ihe accumulator. Four of 
the plungers, a, 6, e, d, are connected respectively by pipes 
with four hydraulic presses at the comera of the bridges, and 
the accumulators are so loaded as to descend and to raise the 
bridge when the weight rests on these four plungers only ; 
c and / are used for lowering the bridge, and whenever they 
are placed in connection with the other four plungers, the 
accumulator rises and the bridge descends. 

On tiie other hand, when the conmiunication with the two 
presses, c and /, is cut off, the whole weight of the accumulator 
comes on a, b, e, d ; the four plungers descend, and the bridge is 
raised. Since these four plungers are all independent, and are 
connected independently to the four presses at the comers of the 
bridge, all four comers must rise at exactly the same speed and 
to the same level When a vessel desires to pass, the bridge 
is either submei^d under water to a sufficient depth to allow 
the vessel to pass over it, or lifted into the air sufficiently high 
for the vessel to pass beneath it In a similar way, a train or 
gun platform may be raised and lowered by two or more rams 
supplied with water under pressure &om separate cylinders of 
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level at E, where the wagon Is removed and replaced by an 
empty wagon, which descends to a lower level; the power 
used in raising the platform and empty wagon being again 
given back to the accumulator as they descend. The accumu- 
lator is so arranged as to have different powers. Thus, 
when all six presses are connected with the empty platform, 
it descends; if two of these presses be cut off, and the 
weight of the accumulator be allowed to rest on the re- 
maining four, the pressure is sufficient to raise the platform 
with the ordinary load ; if three of the presses, d, /, b (Draw- 
ing Na 22) are shut off, and the weight allowed to remain 
on the remaining three, it will raise a wagon with a heavier 
load ; and if four of the presses are shut off, a, b, d, e, and the 
weight of the accumulator allowed to rest on the remaining 
two presses, it will be in a position to lift the heaviest load ; 
and all these changes may be made on the instant by opening 
the valves g, g. 

Hydraulic Grid (Drawings Nos. 24, 25, 26). 

Messra Clark and Standfield have had large experience in 
hydraulic machinery for raising of vessels, and have introduced 
an hydraulic apparatus for docking vessels, which is especially 
suitable for the shores of tidal waters. In this grid, the 
presses are placed directly beneath the vessel, whereas in the 
ordinary hydraulic lifts the vessel is supported on girders. 
The economy effected by this and other arrangements is such 
that the designers estimate the cost of such docks as not 
exceeding, under favourable circumstances, about £5 per ton 
weight of vessel lifted, which is very greatly less than the 
cost of any other dock whatever. 

Drawing No. 24 shows an end elevation of the grid, with a 
vessel raised upon it. A A are the presses, B B the rams, 
C C the pontoon or grid. In Drawing No. 26 the grid is shown 
in plan, with the skin-plate removed to show the construction, 
and with the outline of a vessel dotted upon it. The back 
bone is there shown as consisting of two parallel wrought- 
iron girders the whole length of the dock ; there are also on 
each side an intermediate longitudinal girder and an outside 
girder. These are crossed at a right angle by a number of 
transverse girders, or ribs. Five of these transverse girders 
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are shown in pairs, and these are placed over the bilge 
presses. 

In Drawing No. 24 sliding bilge-blocks, D D, are shown, and 
at the ends of the girders side shoring frames, E E, to keep the 
vessel upright 

The rams as they ascend carry up the grid, with the vessel 
upon it, and when it is at its highest level it is supported there 
on struts or pawl-1^, which are by preference jointed to the 
grid at the top, and which were at first suspended in a 
horizontal position, but which are now allowed to fall verti- 
cally, so that their bottoms rest upon the shoulders of the 
presses or upon convenient tables attached thereto. These 
pawl-legs, or pillars, are shown in their vertical position in 
Drawing No. 21 1'eatiug upon the collars of the presses, and are 
marked F. There may be as many legs as there are presses, 
or in some cases twice as many. As soon as the weight rests 
upon these struts, the rams are lowered into the presses to 
prevent them from rusting. 

The presses are divided into three groups, for maintaining 
the level of the grid in the manner usual with hydraulic lift 
docks, each group taking as nearly as possible one-thuxl of the 
weight. 

The vessel is thus supported on a triangular bearing, and 
can be listed laterally or longitudinally in any direction with- 
out unequal strain. 

The pipes leading from the three different groups are indi- 
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four sides ; in which case it is formed of timber, so that it may- 
be conveniently floated into its place when the vessel is raised. 
Drawing No. 25 shows an end elevation and a side elevation 
of one of these skeleton presses. 

The vessel is brought over the grid at high water, the 
pumps are set in action, and the gi*id and vessel are raised well 
above high-water mark; the legs or trestles are placed in 
position, and the whole is lowered until the grid rests on the 
legs. The rams are now lowered down into their presses, and 
allowed to remain there while the vessel is being cleaned or 
repaired. 

Hydraulic Canal Lift. 

Messrs. Clark and Standfield have also made many improve- 
ments in canal lifts, similar to the one erected by Mr. Edwin Clark 
at Anderton, in Cheshire, described at p. 17, and, with Mr. Edwin 
Clark, have designed some of larger dimensions for the French 
and Belgian Governments. The large size of the presses re- 
quired for such purposes (6 feet 6 inches in diameter, with 
60 feet stroke) brings into prominence a loss of power which 
is generally overlooked. Let us suppose two such presses 
joined by a tube and working without any friction ; the two 
pistons would immediately assume the same horizontal level. 
If now one of them be forcibly depressed 30 feet, so as to 
elevate the other 30 feet, it will be found that a weight of 
40 tons will be required to balance the weight of the extra 
water in the elevated press, and this 40 tons of power is neces- 
sarily wasted every time a vessel is lifted or lowered. Messrs. 
Clark, Standfield, and Clark have, however, entirely obviated 
this waste of power, which is common to all hydraulic presses, 
by an ingenious compensator, which maintains perfect equili- 
brium of the presses in all positions, and enables them to be 
used without any loss of power except that due to friction. 

Hydraulic canal lift, designed for the French Government 
by Messrs. Clark, Standfield, and Clark, for Fontincttes, near 
St. Omer (see Drawings Nos. 27 to 32). 

A, lifts; B, rams supporting the lifts; C, presses; D, pipes 
communicating with both presses; E, valve; F, rod for work- 
ing the valve ; G, permanent aqueducts ; H, gates closing the 
aqueducts and the lifts ; I, dry reception chamber for the lift 
to descend into ; J, accumulator ; K, valve house. 
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This canal lift has all the latest improvementa, and is 
remarkable for the large size of the hydraulic rams, which are 
Ij feet 7 inches in diameter, and have a stroke of about 45 feet. 
In this lift the varying weight of the water in the presses is 
perfectly compensated in every position, and there ia loss of 
neither water nor power beyond that necessary to overcome 
the friction of the leathers and guides. 

Comparing this arrangement with that at Anderton, de- 
scribed at p. 16, the loss of water is in the ratio of I inch to 5 feet, 
that is, 3^ ; and by comparison with an ordinary lock, the loss of 
water is only aa 1 inch to 4io feet, that ia, less than ^Jjj ; — of 
course, the area is aasumed to be the same in each case. An 
important point to notice ia that, when loaded bai^;es are 
descending and empty ones going up, a volume of water equal 
to the difference between the weights of the ascending and 
descending barges is raised and passed into the upper canal 

Besides a second series of lifts which have been designed 
for the French Government, two series of lifts of somctrhat 
similar dimenaitms have been designed for the Belgian Govern- 
ment, the 6rst of which obtained the Government prize awarded 
after public competitioa This series of lifla was designed 
for passing a canal over a range of hills between Charleroy 
and Brussels, where water is not obtainable. In fact, this 
important feature of the hydraulic canal lifts enables the 
engineer to carry canals over dry table-landa, where there is no 
water supply, and where canab with locks would be imprac- 
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CHAPTER VIII. 

GENERAL REMARKS AS TO DETAILS. 

There are many other cases in which high-pressure hydraulic 
machinery can be usefully employed, such as for com ware- 
housing, applications to gunnery, opening of sluices, working 
large wharf shear-legs, etc. In nearly all these cases the 
machinery is of a very special kind ; it is seldom required, 
and as the description would take up too much space here, 
farther detail has not been entered into. 

The following details and data refer to the machinery 
described in the previous pages. 

Valves. — Slide valves are not usually so good as " mitre *' 
valves ; when, however, they are used, the pressure port should 
be made V-shape, to allow the power to be applied gradually. 
The valves and faces must be gun-metal, and the work must 
be of the best kind. To relieve the heavy pressure on back 
of the valve, a balanced valve is sometimes employed with 
advantage. No sharp bends should be allowed, either in the 
passages of the valve boxes or in the pipe connections leading 
to and from same. 

The size of the pipes must be carefully proportioned to save 
undue friction. No rule can be given for this, as it much de- 
pends upon the pressure used and the circumstances of the case. 

Skips for unloading coals, sand, etc., may be made of steel 
plates, and usually hold from 7 hundredweight up to 15 
hundredweight. Where one or two cranes are used, the author 
recommends 7-hundredweight skips, and two for each crane ; 
they should be mounted on three swivel wheels, running on 
steel pins. 

Chains should be carefully examined once per week, and 
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changed once per month. Several spore chains should he kept 
in case of emergency. Only the hcst short-link tested chain 
should be used. 

Pipes.— ^AU outside are usually carmed underground in 
close trenches, and must be well protected from any chance 
of injury. Those passing through warehouses should bo carried 
on brackets, and be provided with small cocks at various points 
to drain sajae in case of frost ; they should also be protected by 
clothing from the effects of the weather. Valves should be 
placed at suitable points to shut off the water when not re- 
quired in certain directions, and also for closing in case of 
fractures to save stopple to the whole length of the main. 

Water used for hydraulic apparatus must be clean, and 
should in most instances be drawn from a tank. All gritty 
matter will sink to the bottom. The suction pipe is placed, say, 
one foot or more from the bottom of the tank, to prevent any 
dirt being pumped and passed through the machinery. In all 
cases the tanks should be closely covered, as before stated. 

QOANTITY OF WATER used by 30-hundredweight to 35- 
hundredweight crane to lift goods from the hold of a ship to 
the wharf level (allowing for the bulwarks of the ship), is about 
OJ to 10 gallons ; and to lift the empty chain from the wharf 
and ready to swing over the vessel, say, GJ gallons ; or, say, 
IC to IGJ gallons for total lifting exclusive of swinging. 
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Speed of Lietino. — 30-hundredweight hoists and cranes, 
4 feet to 6 feet per second ; wagon hoists (13 to 14 ton trucks), 
say, 22 feet in 15 seconds. One 30-hundredweight crane can 
discharge from a ship to wharf level in eight hours, 460 to 470 
tons. Bags of seed can be lifted and warehoused 560 tons 
75 feet high in eight hours. 

Comparison of Cost with Hand Power. — The average 
working of hand-power cranes requires eight men at the 
handles to lift 10 hundredweight working 20 sets per hour, or 
10 tons raised 40 feet, at a cost for labour of 2s, Sd. per hour. 
By the hydraulic cranes, one man at 4cZ. per hour — 36 lifts of 
15 hundredweight each made per hour; or 27 tons 40 feet 
high, at a cost of 4c2. 

Hand power, say, 3|c?. to Ad, per ton ; hydraulic, {d. per ton 
for labour. 

The above is an average taken at one of the large London 
wharves. 

General REMARKa 

High-pressure hydraulic machinery can be most usefully 
and economically employed at railway depots, large docks, 
wharves, and warehouses, and especially where a number of 
cranes, etc., have to be worked at some distance from the 
power. In the case of docks and warehouses, this enables the 
proprietors to have the engines and boilera at one spot, in a 
tire-proof building, if necessary, and where one set of men can 
attend to the whole of the boilers and pumping machinery 
actuating the accumulators. 

Where hydraulic machinery is used, the fire companies do 
not increase the rates of insurance ; the danger of explosion 
from several boilers (which would be necessary for steam 
power) is avoided; and wherever extra cranes are required, 
an attachment can be made to the main pipe with small 
outlay. 

Hydraulic cranes are well under control; in fact, all hy- 
draulic apparatus has had such careful attention from several 
designers and makers, that the author considers such apparatus 
are more easily and safely controlled than any other class of 
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liftiog apparatuB in use, and he also believes can be more safely 
and expeditiously worked. 

One great advantage of hydraulic machinery is titaA, no wear 
and tear takes place when the cianes and lifting machinery 
are out of action — the power at this time is stored up ready 
for the next time of working. This is a great consideration 
at a dock or wharf, and other large places of like kind, where 
the work is intermittent ; tie cranes can be started at any 
time, and are ready to raise their maximum load. 
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CHAPTER IX, 

HYDRAULIC LOW-PRESSURE LIFTING BiACHINERY. 

This class of hydraulic machinery is worked on several plans, 
viz. : 

1. By head of water from a tank fixed at the highest point 
of a building. 

2. Where the water companies and town corporations will 
allow it, pressure is taken from the mains, and the expense of 
the tank is saved. This is not, however, always advisable, as 
in case of any accident at the water works, or any imusual 
demand upon the mains, sufficient pressure cannot be obtained 
to work the lifts. 

3. Where several short-stroke lifts or cranes have to be 
worked, an air vessel may be advantageously used ; water is 
pumped into same under a pressure of 100 to 200 pounds per 
square inch. 

The great advantage of working the lifts from a tank is, the 
user is quite independent of all machinery, excepting the power 
required (in large places) to re-pump the water into the tank. 
No water in this case is wasted, and the lifts can be used at 
night without any attendant being required for the pumping 
machinery, as in the case of high-pressure hydraulic lifts. 

The cost of the machinery is far less, and there is very little 
chance of leakage, etc., on account of the lower pressure in the 
pipes. 

The wear and tear of the machinery is small ; the leather 
collars, when properly fitted in, last for years ; the repairs are 
also small ; and the machinery not being subject to the same 
shocks as the high-pressure lifts, there is little liability to get 
out of order. The author, having designed a large number of 
this class, may, from the experience of some years, state that no 
accident of any kind has taken place to any one using the lifts. 
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Passenger Lifis (Draving No. 18). 

The construction of these is in some respects much the same 
as described, p. 20. 

A well is sunk in the centre of the lift shafl, rather deeper 
than the height to be lifted. When constructed in the London 
district — where gravel and sand are usually met with near tho 
surface — the water is shut out by sinking cast-iron cylinders ; 
these should be 3 feet in diameter, and in, say, 6 feet lengths, 
flanged together and well bolted. The first cylinder has a 
cutting edge at the bottom, and when the clay is reached, they 
are driven from 2 to 3 feet into same, to form a joint, and pre- 
vent the water rising under the cylinder. The rest of the well 
may be in brickwork, 4J or 9 inches thick, and either laid dry 
or in cement ; this must depend upon the nature of the 
ground. Great care must be taken to keep the well vertical 

The cylinders are suspended in the well, and in these the 
rams work ; the length or stroke is equal to the height to bo 
raised. The ram works through a bored head fitted with gland 
and leather collar. 

The cage is attached to the top of ram, and is made of 
wrought iron, well framed together. The top is J-inch wrought- 
iron plate ; the floor oak, and the sides pine. 

Cast-iron planed guides are fixed on stone templates built 
in the walls at each side of the lift hole. 




SnORT-STROKE LIFTS. 37 

sides, and rubbing guides to the table. It is advisable in most 
cases to fix counter-balances, to take the weight of the table 
and part of rain. The wells, cylinders, etc., are as before. 

The valve arrangement is similar to the other Ijfts, but 
smaller as to pipes, etc. Self-acting stopping gear is provided 
to stop the lift at the highest and lowest points. 

This class of lift is very suitable for banks or any place 
where valuables have to be stored. The entrance in this case 
to the safe or strong room is by the lift only ; the top plate 
of table is made of wrought iron, and fits into an iron 
frame at the top floor, similar to a safe door ; a patent lock 
throwing out eight bolts into this iron frame, is fitted to the 
under side of the plate ; the pressure is left on the ram all night, 
the gear for regulating this being shut up in a recess, and 
fitted with an iron safe door and patent locks. 

Where heavy safes containing documents for daily or hourly 
reference are required, the safes are fitted with wheels and run 
on rails on top of the lift table; rails are also laid in the 
vault or strong room, by which means the safe is run off" into 
an inner strong room if required ; the lift then rises, and brings 
down any others, and the books, specie, etc. 

Short-Stroke Raji Lift (Drawing No. 34). 

The general details of this lift as to ram, cylinder, etc., is 
the same as the last named. The guides are fixed at the bach, 
to enable the table to rise above the level of floor 07* street at 
the top, so as to allow casks or other goods to be rolled off 
at the level of carts, etc. 

A lift of this kind is very suitable for a brewery or wine 
cellar, where the table rises to the level of the public way, and 
where no fixings for guides can be obtained at the froiit side 
of tite lift at this level. 

There are many other modifications of this kind of lift 
suitable to special requirements, but as they are seldom used, 
further detail is not necessary. 

The gieat advantages of lifts (as Drawings Nos. 33 and 34) 
are perfect safety, noiseless action, and total freedom from vibra- 
tion ; the speed Ls also under absolute control, and they cainK>t 
be overloaded. The wear and teai* is very small, even when 



38 HTDRAULIC LOW-PRESSTJBE LrPnKO MACHINEBT. 

the work is constant. The coat of water is not a large item, 
and is hardly worth taking into account, considering the saving 
of labour, etc. 

All the parts are simple and free from complication, and 
there is nothing likely to get out of order. 

The friction of " ram lifts " is small, especially when the 
leather collars are well fitted, — it does not exceed 5 per cent 
Packed glands of any kind are to he avoided, friction ia much 
increased by their use. The lubricant used should be good 
sperm or mineral oil, and the ram kept very clean ; vegetable 
or lard oil should never be used. 



Shobt-Steoke Ctlindeb Lifts (Drawing No. 35). 

These lifts are veiy suitable for nusing goods, coals, luggage, 
food, and other light goods. 

The most simple plan of construction is an open top vertical 
cylinder fitted with piston, having a rack attached to the top 
side ; this rack gears into an iron pinion, and by means of a 
train of wheels, rotary motion is given to a drum, and the 
requisite amount of rope or chain is coiled. The stroke of the 
cylinder and the number and proportion of the wheels are 
regulated by the height to be lifted. However carefully made, 
there is much friction in this class of lift, and a good margin 
must be allowed to ensure sufficient power and to spore to do 
the work. 
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the working cylinders must be fixed horizontally. More friction 
takes place with this kind of gear than the one above de- 
scribed, but it may be materially reduced by attention to the 
quality of the work and proportion of the parta 

The cages are made much the same as those for high- 
pressure lifts, except that all the parts can be much lighter. 

Gear rods or ropes pass up thei lift hole to enable the lift to 
be worked from any floor. 

Counter-balances are fitted to these lifts. They are made 
flat in shape, with planed grooves to run in two L-iron 
guide bars. The weight of the balances is less than the cage, 
to give sufficient power for the cage to fall, when empty, by 
its own gravity, and keep the ropes taut on the drums. 

Self-acting stopping and safety gear is also provided to 
prevent accidents. 

Wire rope is the best to use for raising the goods. In some 
cases two ropes are used, working upon separate drums ; if one 
I ope breaks, the other is able to taJce the load safely, and so 
avoid accident to the cage and its contents. 

Lifts of this kind are very suitable for private houses, to 
carry up food from the kitchens, also coals, etc., to the 
various floors. The cost of water is not a large item, consider- 
ing the great saving in labour and time efiected. They are not 
liable to get out of repair, and are easily worked. The speed 
can be regulated, load controlled, and the attendant cannot 
either work the lift more rapidly or take more than the 
Tnaadmum weight. 

Parcels Lift. 

Drawing No. 36 shows a very useful application of Brother- 
hood's three-cylinder hydraulic engine to small lifts, introduced 
by Mr. E. B. Ellington. The engine is reversible, and carries 
a grooved pulley, round which is passed a rope, attached at 
both ends to the lift boxes, and having an adjustment for 
keeping the ropes taut. One box ascends while the other 
<lescends, thus efiecting a great saving in time and power. 
The boxes can be worked by hand, by means of a second rope 
l)asscd over the head sheave. A high speed can be obtained ; 
the lifts are quite silent, and easily controlled. 



HYDRAULIC LOT-PEESSUHE LtFTISO JUCHISERT. 



Beothebhood's Patent Three-Cylinder Hydraulic 
EsaisR. 

Brotherhood'a three-cylinder hydraulic engine Is a great 
improvement upon the oiilinary Armstrong type of oscillating 
cylinders. 

A really reliable hydraulic en^e was much wanted, and as 
Mr. Brotherhood's has stood the test of several years' constant 
work, he is to be congratulated on his success. 

The working parts consiet only of the three pistons and con- 
necting rods, one crank, and one rotating balanced valve and 
spindle which fits into the driver, and is turned direct from 
the crank pin. 

There are no glands, stuffing boxes, or oscillating joints, and 
the wear of all the parts is taken up automatically, so that 
nothing has to be tightened up. The engine is made reversible 
if required, simply by a modification of the engine valve and 
the addition of a controlling valve to alter the direction of the 
flow of water into and out of the engine. Mr, E. B, Ellington 
has effected some useful improvements in these valves, by which 
certainty of action is secured. The working parts are all pro- 
tected ; the engine occupies very little space, and will work up 
to 201) revolutions per minute. 

These engines have been adopted for working tho hauling 
gear for the sliding caissons, and for controlling the sluices in 
the extension at her Majesty's Dockyard, Chatham. 
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consequent dirt and trouble, as well as expense of fuel, etc., for 
-working, is saved ; and the apparatus not only works silently 
and without vibration to the surrounding building, but is more 
easily controlled than any other class of machine. At no very 
distant day, all houses of any size will not be considered com- 
plete unless fitted with machinery of this kind. The particular 
attention of architects is therefore drawn to this subject, and 
the author trusts he has made the matter sufficiently clear to 
be of practical use to them« 
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STEAM LIFTING MACHINEKT. 



CHAPTER I. 

STEAM CBANES. 

The application of steam power to cranes and other lifting 
apparatus does not date more than about thirty years ago ; 
and for wharf and other cranes, did not come into extended 
use until within the last eighteen to twenty years ; they aro 
now very largely used. 

Steam Whabf and Warehouse Cbanfb (Drawing No. 37). 

Steam power ia very suitable for wharf purposes ; and where 
several cranes are required, one boiler can work the whole; 
this should be of ample capacity to be able to meet any sudden 

lieniand upon it; whtin no work is beiiii^ doiio by the eraiii's, 
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be bedded upon a good stone, with a sound brickwork founda- 
tion. This will be more specially mentioned hereafter. 

The base plate has an internal rack or tooth wheel bolted 
on, with conical face for the friction rollers to work on. 

The jib is made of two wrought-iron slabs with cast-iron 
distance pieces or diagonal bracing ; or it may be made like 
a rivetted girder ; in any case it should be spread to the full 
width of the side frames of the crane, to give it stiffness, and 
prevent any chance of twisting, especially when the load is 
being swung. It is attached to the side frames at the base by 
a turned pin. 

The top wheel for carrying the chain should not be less than 
18 inches for a 30 or 40 hundredweight crane, and have a 
deep plain groove for the chain to work in ; it should run 
upon a fixed steel pin, not less than 2 inches diameter ; should 
have a wide boss, and be bushed with gun-metaL The bottom 
pin which connects the jib to the side frames should also be 
steel; and the cheeks of jib should have an extra plate rivetted 
on at this point, say, 2 feet long, to prevent the pin cutting, 
and to give extra strength and rigidity. 

Rollers must be fitted between the jib and tie rods to carry 
the chain when slack, but the chain must not rub on them 
when at work. 

The side cheeks should either be cast iron or wrought iron, 
the latter being the preferable material, especially for large 
cranes ; in this case all the bosses and bearings are cast iron, 
and are bolted to the wrought-iron side frames ; these frames 
are bolted on to an upper base plate having a bored boss, 
which rests upon a collar on the post, and works upon a 
turned part of same. To the top of the frames is bolted a 
" cross-head " or stay piece, with bored boss open at the top, 
working on top of the post, which is also turned. 

Machinery for Working. — The steam cylinders are best 
fixed horizontally on the outside of each side frame, with the 
connecting rods working direct on the crank pins, fixed in first 
working pinion on one side, and on the crank disc on the 
other. Two sets of wheels give motion to the barrel on which 
the chain is coiled ; the centre of this shaft is kept as low as 
possible to keep the strain near to the base, and save vibration. 

The swinging gear is done by right and left hand cones 
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worked by lever and screw nut; theae cones arc on the crank 
shaft, which has two bevel pinions keyed on, working a crown 
wheel below, and by means of spur wheels which gear into 
the internal tooth ring on the base plate, the crane ia swung 
as desired 

The first pair of wheels are patent frictional gear ; the second 
pair, iron tooth wheels, pitched and trimmed. The man 
working the crane, uses one lever to start, stop, and lower, 
and with the other hand works the swinging gear. Cranes 
made upon this plan were designed by the author some tlurtcen 
years since, and are working to this time econouiically, and 
are perfectly satisfactory. 

Steam pipes to supply the cranes on a wharf, etc, are carried 
in a channel underground, with junctions tu each crane ; the 
details of this vary with circumstances. 

Portable Steam Oranes (Drawing No. 38). — Cranes are 
made upon the same plan as before described, except that U»c 
whole apparatus is fixed on a trolley on wheels, which also 
carries the boiler. 

In many cases, especially where the cranes are not working 
in direct lines, these are found the most suitable for the work ; 
they are not so economical as to fuel, et«., in working, as 
several fixed cranes worked by one fixed boiler. 

In all cases, for safety, the crane, when lifting goods, should 
be fastened by four screw clamps to the rails, as cases have 
occurred where the oscillation of the crane has thrown it over 




APPARATUS FOR SLINGING GOODS. 45 

"but by means of one block, and making all the parts of suffi- 
cient strength^ 8 tons can be raised. 

Apparatus for slinging Goods when unloading by 

Cranes. 

Wrought-Iron Crosses, with four sets of slings attached 
to same, are used to raise small casks, such as pork, soda, 
currants, sugar, etc. 

For lighter loads, a wrought-iron ring, with four or six 
chains attached, is suitable for raising small bags or packages. 
When bags or sacks of materials have to be raised, each chain 
has a large ring at the end to form a running noose ; in other 
cases a hook only. 

A very safe sling, designed by the author some years since 
for raising casks of wine, oil, etc., consists of one chain with 
large ring at one end and hook at the other; this chain is 
put roxmd the cask at one end, passed through the ring, drawn 
tight, and then roimd the cask at the other end, the hook being 
caught in the chain, and leaving sufficient space and slackness 
for the crane hook to take hold of. It will be seen such a sling 
cannot slip, and the strain of the crane only tends to tighten 
it upon the cask. This kind of sling has been in successful 
and safe use for many years at some of the largest wharves in 
London. 

Sugar when in loaves, and all small packages, are best lifted 
upon a scale board attached to the crane hook by four small 
chains, and suspended from a wrought-iron cross fitted with a 
ring. 

Where the goods have to be warehoused, they are best lifted 
in a box, on three wheels, the front one being made to swivel ; 
when landed, they can be run to any required point. Spare 
boxes are used, so as to keep the cranes continuously at work. 

Fixed Boilers 

The most suitable are horizontal multitubular boilers, which 
require no setting ; they take up little room, and arc most 
economical in working. The power should be ample ; no loss 
takes place, as before observed, from having the boilers of 
ample capacity ; on the contrary, much economy is effected. 
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Steam pipes may be carried 400 to 500 feet with very little 
loss of ijreaaure ; they must be well clothed, and provided with 
expansion joints. Condense boxes must also be fixed at various 
points, to keep the pipe free from water. 

On the line of pipes, proper valves should be provided, to 
shut off any portion not required. 

FODNDATIONS OF CBANEa 

The foundations should have the greatest care. For 40- 
hundredweight cranes, the holding-down bolts of the base plate 
should not be less than 6 feet long, and 1| inch in diameter. 

The brickwork should be in Portland cement, and rest on 
Portlimd cement concrete. The top base stone for the base 
plate of crane should be " York," not less than 12 inches thick. 

Where, for the purpose of the jibs clearing the sides of the 
ships, the brickwork bases stand some height above the wharf 
line, they should not be less than 6 feet by 6 feet, to ensure 
stability and to keep the machinery free from vibration. 

No special rules can be given as to the depth of brickwork, 
as it will vary with the nature of the soil and other considera- 
tions. In places where the soil ia boggy or bad in other 
respects, piles must be driven, then sawn off level, and 6-iach 
planking spiked to same; on this a good base of cement con- 
crete should be formed, and the brickwork foundations built 
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CHAPTER 11. 

STEAM WAREHOUSE CRANES AND HOISTa 

The general arrangement of jibs and steam-hoisting eingines is 
shown in Drawing No. 39. The handle for working the hoist 
must in all cases be carried to the loopholes, to enable the 
man to see the load he is raising or lowering. 

There are various kinds of hoisting engines; the forms 
advised by the author are described. 

Drawing No. 40 consists of two oscillating steam cylinders, 
say, 6 to 7 inches in diameter, by 12 to 14 inch stroke, inclined 
at an angle, working direct on to crank discs. The cylinders 
are fixed outside each side frame. One pair of spur (tooth) 
wheels, pitched and trimmed, give motion to the barrel shaft, 
on which the chain is coiled. The valve motions are worked 
by links, keyed on one weight shaft, to which is also keyed 
the hand- working lever. The man working the crane can start, 
stop, and lower by means of this lever ; there are no clutches to 
throw out ; shocks and consequent fractures are thus avoided. 

To stving the Jibs two small steam cylinders are used, with 
a chain fixed to a grooved wheel keyed on the post ; this is on 
much the same plan as for the hydraulic cranea 

Hoistd are also made like the above, but with the cylinders 
fixed horizontally (see Drawing No. 41). To run both ways, 
either two eccentrics to each cylinder are used with link 
motion, or a special valve box, admitting steam on alternate 
sides of the piston, is provided ; this plan has been working 
some years, and is most efficient in its action. These kind of 
hoists take rather more floor room, but work with less vibra- 
tion, than No. 32 kind. 

Swinging gear, when required, is the same as before de- 
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scribed. This is the moat direct and cflicient, and s&vcb much 
friction, as against the clutch and gearing plan ; it also docs 
away with the risk of fracture from the shocks they would he 
liable to 'when the gearing plan is used. 

Hfnsfs are made upon the plans of Nos. 40 and 41, but with 
the cylindera working direct upon the crank pins. They 
usually run at high speeds, say, 200 to 250 feet per minute, 
and are very suitable for raising cork, wool, esparto grass, tea, 
and other light goods, especially when packed in cases or 
boxes. 

In all the above instances, the hoist should have a good bed 
plate, and be securely fixed, to save vibration. The bed plate 
should be lipped all round, to take the condensed water, and 
so keep the fioors dry ; in addition to this, it is advisable to 
cover the floor, under the hoistfi, with sheet lead, in ease the 
condensed water overflows the bed plate, — the goods on Uie 
floors are not then damaged. 

ffowts are made with fixed cylinders, both vertical and 
horizontal, with patent frictional gear, and are either single or 
double geared. One lever starts, stops, and lowers ; the brake 
is always on, and is taken oflT when raising or lowering. This 
is a very safe plan, and prevents accident. 

The work must bo of the highest class, and the shafts and 
all parts strong, to avoid springing and vibration. 
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There arc many other forms of hoists; but the above are 
specially recommended by the author as those with which he 
has had some yeare* experience, and to which he can bear testi- 
mony as to their simplicity of parts and efficient working. 

Steam Hoists and Warehouse Cranes for Wool, etc. 

During the last ten or twelve years the number of ware- 
houses for storing tea, wool, esparto grass, eta, have much 
increased in London. Several good forms of steam hoists have 
been specially designed for the purposes of rapidly unloading 
the vans and storing the goods on the various floors of the 
warehouses. 

The author will now describe some of the best kinds of 
hoists for this purpose, and the arrangement of jibs, etc, most 
advisable to use in such cases. 

Hoists are made on much the same plan as described for 
Nos. 40 and 41, the cross-heads of piston rods of cylinder being 
connected direct to the crank discs keyed on barrel shaft. 
Cylindera are oscillating, 8 inches in diameter, by 12 inch 
stroke. Barrel for chain, 12 inches by 2 feet 9 inches to 
3 feet long, capable of coiling, say, 50 feet of |-inch chain, 
which is about equal to the average height of the top floors of 
warehouses in London. 

The ports of the cylinders are large, and all parts made very 
strong to stand the rapid work. 

Xo. 1 Forni of Hoisting. — The cylinders are made oscillat- 
ing, as described for No. 40, and either worked by link motion 
or by central reversing box as described in No. 41 (p. 47). 
The side frames of the hoist are fixed to a bed plate in the 
same way, and lipped all round to catch the condensed water. 

In some cases the side frames and bed plate are fixed direct 
on the wall of the building, with a leaded trough under same, 
to catch the water, etc., as before mentioned. 

No. 2 Form. — The cylinders are vertical. The connecting 
rods work direct on the crank discs keyed on barrel shaft; 
the size of the cylinder and barrels are same as above. The 
valve motion is worked by a reversing box, and in both 
cases, by means of one lever, the man working the hoist can 
start, stop, and lower the load, and has perfect control over 
same. 

E 
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An arrangement can be made by special gear to the barrels 
to stop the engines when the desired floor is reached. 

r/i* Position of the Eoiat is beat on the floor below the 
highest floor (see Drawing No, 39), This gives sufficient lead to 
the chain, and allows it to coil regularlj and closely upon the 
barrel, without the aid of guide rollers, which should always 
be avoided whenever possible. 

Jibs should be made of two flat slabs with cast-iron 
distance pieces rivetted together. The average radius for jibs 
suited for such purposes is about 7 feet 6 inches to 8 feet ; 
wherever possible the angle of the jib should be 45 degrees. 
The top wheel should be about 14 inches in diameter, with a 
wide boss, and work upon a Ij-inch diameter steel pin. The 
wheel should have a deep and wide groove, and turned at this 
part, for the chain to work easily in, and to save friction. 

The Carriagea for the jib at top and bottom should be 
fixed to a back plate and bolted to the wall by four bolts 
passing through two back plates on the other side of wall. 
This preserves the hearing in exactly relative positions, and 
also adds rigidity to the wall at these points, preventing 
damage to same and vibration to the machine. 

When the warehouse is a new building, the piers where the 
cranes are fixed should be built in cement ; and where the jil>s 
are fixed near the top of the building, a good heavy parapet 
or cornice is of advantage to keep the wall steady. 
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hook and a ball fixed a short distance above same, leaded on 
to the chain to prevent it shifting. The weight of the ball 
should be sufficient to overhaul the chain when running down 
without a load. 

The chain of a steam crane or hoist working at a rapid rate 
should be changed once per month,^and most carefully examined 
to detect any flaws in the links. It should be passed through 
the fire and annealed. When there is any sign of wear, the 
chains should be reversed. lu all cases spare chains should be 
kept ready. 

Swinging gear is not usually attached to hoists of this 
class, on account of the rapidity of working. 

The author designed, some years ago, an arrangement of 
levers and counter- weights to keep the jibs at any required 
angle. A guard chain is fastened at one end to the front of 
warehouse, and at the other to the head of jib ; the length of 
this chain is, of course, adjustable to suit the position of the 
jibs. 

Spring Buffers are fixed on the warehouse wall to take the 
shock of jib when pulled in by a slack rope directly the 
load is landed ; the self-acting gear pulls the jib out again, as 
the chain descends for the next load. The jib may be kept at 
any angle desired by a special arrangement of the springs ; 
these bufiers stand heavy wear, and are perfectly successful. 

The weight of each bale of wool is about 3 hundredweight. 

The speed of these hoists is about 250 feet per minute. 

The quantity unloaded at a large warehouse in London by 
five cranes is about 1000 bales of wool in eleven hours. Each 
crane requires the attendance of two men — one at the hoist, 
and one to take off and wheel the bales away. 

The boilers to work this number of cranes may be either 
multitubular or Cornish; if the former a less diameter and 
length will do than in the latter case, and where space is an 
object this wants careful consideration. 

At another large warehouse they had five cranes capable 
of lifting 20 hundredweight each, and one to lift about 
5 hundredweight; they were worked by one 20 horse-power 
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boiler, at a pressure of 55 to 60 pounds per square inch. Coal 
consumed, about 2 hundredweight per hour, at about 16s, 
per ton. 

One crane working ten hours will land 120 tons of goods, 
with a lift of 20 feet average ; this allows for time in clearing 
away. 

Comparing this with hand power : to lift 12 hundredweight 
20 feet, five men will be required, and about 168 hundred- 
weight lifted per hour. 

Tlie coat of coal for five or six such cranes, in full work, 
will be about 4«. Hd. per day of ten or eleven hours (when 
coals are at an average price). This assumes the pipes arc 
well protected, and every care taken to avoid loss of steam. 

The work done varies at different places, and much depends 
upon the class of work. Steam of the required pressure is 
always ready, so as to clear any goods that arrive without 
notice. 

The author thought it would be advisable to give data from 
actual work, rather than any theoretical deduction from any 
experiments spread over a short time. 

The author had an opportunity some years since to test the 
difference in cost between hydraulic and steam power, the 
the result being much in the favour of steam power. 

It is needless to say the saving effected between steam and 
hand power is very large. In all such cases the whole of the 
expenses should he taken into account same as before e 
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shafting and gear, and the heavy work thrown on to the engine 
by the cranes situated at the end of the shafting. 

The author does not recommend this plan, unless under 
special circumstances, where those before described cannot be 
used, or where there happens to be an engine near, used for 
other purposes. 

It must always be borne in mind that the power should be 
as near as possible close to the work to be done ; hence great 
advantage is obtained by the use of self-contained hoists. 

In places where no boiler can be fixed, steam is sometimes 
hired from an adjoining place, and where power is only 
occasionally required, it is a most economical arrangement. 
The rent is charged at per hour, according to the time the 
machinery runs. 
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CHAPTER ni. 



STEAM LIFTS FOB GOODS. 

Steam Lifts may be worked by any of the beforc-namctl 
" 8tcani hoists," and the Btealn can be conveyed some distance 
trotn the boiler to work same, as in the case of the cranes. 

Cages are made with an iron frame at bottom and top, 
strongly braced together, the floor of oak, and the top and 
aides of pine ; rUbbing guides, lined with gun-metal (in case of 
passenger lifts), are fixed at top and bottom of the cage. 

Guide bars should either be cast iron planed on the faces, 
or wrought T iron, not less than 3 inches by 3 inches by | inch, 
well fixed to timbers or stone templates built in the side walla. 
Tlicse bars should be erected perfectly vertical, and dead 
plumb all ways, firmly bolted, and should be most carefully 
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Working Gear 

The Lifts are worked from the inside either by rope or rods, 
giving motion to the valves of the engines or the driving 
gear. 

The position of the engine, etc., and working gear must 
depend upon circumstances ; it is not material to its successful 
working. A position about midway on the flows is con- 
venient, or it may be placed at the top or bottom of the 
building. 

Safety Gear (Drawing No. 42) 

Should be fixed in the top of the cage of every lift. The 
following is a description of the plan designed and worked 
for many years under the superintendence of the author. 

The guide bars for the cage are fixed on two timbers, wrought 
on the two sides and faces; these timbers must be fixed per- 
fectly vertical, and true on all sides. 

At the top of the cage is fixed a shaft with one eccentric or 
cam wheel keyed on at each end of same. 

On the other sides of the timbers there are two toothed, or 
serrated, fixed racks ; the rope is attached to the top of this 
appaitttus, and by means of an arrangement of levers, etc., 
directly it breaks, the cams are thrown into gear, and jamb 
the timbers on each side, and so stop the lift. 

When the lift is running at a speed of, say, 150 feet per 
minute, the fall of the cage at a fracture of the rope, does not 
exceed 3 inches. 

Many plans have been tried and failed, and, after careful 
study of such failures, the author introduced the above, and he 
is happy to say it has worked both safely and successfully. 

Particular attention is drawn to this most important subject, 
as many very serious accidents have occurred, especially in 
the cotton districts, where lifts are so largely used. 

Some years since, the author made a most careful inquiry 
and personal examination into all that had been done in 
applying safety apparatus to lifts, and in Manchester more 
esi)ccially, by the courtesy of several of the leading warehouse 
proprietors, he was allowed to examine their various apparatus. 
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In many cases it was of the most complicated kind, and when 
he endeavoured to bring it into action, it failed. As in very 
few of these places they had esperienced any serious accidents 
— chiefly owing to the good quality of the lifts, and the great 
care given to the ropes — while not making them indifferent to 
any good apparatus that might be offered them, they had relied 
upon what they had been accustomed to use. Since this 
time many very good apparatus have been brought out and 
successfully applied, and the author can state, from personal ex- 
perience, that many very serious accidents have been avoided 
by their use. He is of opinion the Legislature should make it 
compulsory for all users of lifts to have safety gear attached. 

Steam lifts are used for a variety of purposes, but with tho 
exception of small details, the general design of them is as 
above described; there are, however, some special applica- 
tions that deserve some notice. 

Endless Chain Lift for PASsKSQERa 

Tlic first application of this kind of lift was about thirty 
years since at the General Post Office, St. Martin's-le-Grand. 

It consists of two endless steel chains passing over top and 
bottom pidleys. To these chains are attached at certain in- 
tervals the tables or platforms for passengers ; as each of these 
comes level with the various floors, the person wishing to 
ascend or descend has only to step on or off the table, and 
1^0 cvin-it'd t.^ am- tiiior ]u- wishrs. lla^in!r tlicii only to sL.'ii mit 
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tion from time to time. Owing to the number of moving parts, 
the work should be of the highest class, and the material of 
the best description. 

All lifts should be examined at fixed periods by competent 
people ; it is not only unsafe to neglect this precaution, but 
in the end proves false economy, without taking into account 
the serious risks to human life. Much loss may be saved by 
repairs in time. Cheap machinery, especially of this class, is 
to be avoided ; well designed and properly executed work will 
always prove not only the most effective, but the most 
economicaL 

Lifts for raising Ore at Blast Furnaces. 

One very notable one was erected some years since by 
Messrs. Samuelson and Co., at their furnaces at Middles- 
borough. It is of the direct-acting class, very safe in work- 
ing, but of necessity rather costly in construction, and not quite 
so economically worked as the ordinary hoists, owing to the 
unavoidable condensation of the steam in the cylinders. 

The average weight of a loaded truck is 14 tons, the height 
lifted is 40 feet. 

The hoist consists of an inverted steam cylinder, 38 inches 
in diameter, by 40 feet stroke, made in several lengths, flanged 
and .bolted together ; the piston rod is connected to the cross- 
head of cage. 

The load is raised by the direct action of steam on the piston 
and rod, and lowered by exhausting the steam, which is passed 
to the other side of the piston to keep it warm. The actual 
exhaust takes place on the next upward stroke. 

The simplicity of action and safety well compensate for 
any want of economy and steam in daily working. The 
author believes this hoist is unique of its kind, and is not 
aware of any other having been erected in this coimtry. 

There are various other kinds of lifts, both for passengers 
and goods, in occasional use ; but as many of them cannot with 
due I'c^gard to safety be recommended where passengers have 
to be carried, it is not necessary here to enter into detail as to 
same. 
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CHAPTER IV. 

STEAM TRAVELLERS AND CARRIEES. 

Steam travellers. — The girders should be wrought iron, and 
either bo plate lattice or girders ; the end carriages should also 
be wrought iron, with two large wheels on each side to run on 
the gantry. These wheels should have double flanges, and be 
wull spread as to distance between centres, to give a good base, 
and pi'event twisting. On the top of these girders, light rails 
are fixed for the traveller to work on. The gear for lifting 
should be fixed to wrought-iron frames on four flanged wheels, 
as before described ; single and double purchase should be 
provided to suit the various loads ; — this apparatus is much 
the same as a crab. 

There are two ways of working : First, by shafting ; in this 
case a long square shaft runs down one side of the gantry, driven 
by the general engine. Second, by steam boiler and steam crab ; 
this latter plan is most suitable for outdoor work, and where 
the travellers are some distance from each other and must be 
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They arc more economical aa to expense of working than 
hy(h*aulic cranes, and are much to be preferred to ti-avellers 
for this kind of work. 

For small heights and weights, cranes may be worked by 
direct-acting steam cylinders, much the same as those described 
for hydi-aulic power ; the cylinders and all the pipes must bo 
clothed, and care taken to prevent condensation. 

Foundry cranes are also constructed the same as the above 
as regards the jib, the means of working being a steam hoist 
fixed on the post of jib or neai* to same. In this case a man 
is required for each crane, and the cost of working is rather 
more than the above. 

Endless Chain Hoists (Drawing No. 43). 

These apparatus are very suitable for raising casks, bales of 
goods, etc, where the action requires to be continuous and 
self-feeding. 

They consist of two chains working on octagon drums at top 
and bottom. At suitable distances " horns " are fixed to carry 
the cask, eta ; the chains are kept in position by stays, and 
work at the sides upon cast-iron friction rollers; the shafts 
of drums, etc., work in two side frames. At the lower part 
the goods roll down an inclined plane to the lift ; in the case 
of casks, when the horns come round, they are carried up 
to the top, and })y means of rails inclined frortn the machine 
are run away. When other goods are to be raised, such as 
small cases, they are carried forward by an endless band, and 
by means of suitable gear two arms move the package on to 
small tables, which are fixed to the horns above described; 
as the goods arrive at the top they are either taken off by 
hand or by gear of some kind. 

These machines can either be fixed vertically or inclined, and 
diiven from shafting or by a separate engine. 

The speed should be rather slow, to allow time for the goods 
to be taken on and oft* the machine. 

The links of the chains may be of wrought iron fitted with 
turned steel pins, the holes should be case-hardened, and the 
lengths of links centre to centre made exact. These links 
should be made as described at p. 61. 
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Endless Bands for Graik, etc. 

A very economical way of moving grain or gootia of like 
kind is by means of an endless band. It may be made of 
woollen materia], india-rubber, or canvas. It works on two 
rollers equal to the width of the band ; wood bearing-roll era 
are fixed at intervals to support same, aod means of tightening 
are attached at one or both ends of the apparatus. 

When cases or goods of this class have to be moved hori- 
zontally, the chain is formed of two iron long-link chains, with 
narrow boards attached to centre of each link. These boards 
ai-e best made of beech. 

Tlie band or chain is driven by strap, and by means of a 
friction clutch, can be made to throw itself out of gear in 
case of any obstruction to the goods when travelling on the 
band. They may be made 150 to 200 feet in length, and work 
perfectly, if well constructed. 

Woollen bands of the above kind are also used for trans- 
ferring or pumping liquids from one vessel to another. The 
speed in this case wants very careful adjustment, and varies 
with the kind of liquid. It is a very ingenious contrivance, 
and eifective in action. 

Screws, or " Creepers," for Grain, Fixjijb, Charcoal, Tnx\ 
These apparatus are for the purpose of moving such goods 
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suitable bearings. At the bottom an arrangement is made to 
tighten the band, and a vent valve at the top to prevent 
firing. 

The pulleys should be proportioned according to the size 
of the buckets; 14 inches diameter should be the minimum 
size. The buckets must not be placed too close together, or 
they will not deliver easily. 

For Coah and other Heavy Ooods, the elevator is formed by 
two side chains, with iron buckets attached. The two chains 
axe kept apart by stays, and work over cast-iron octagon 
drums, top and bottom. They are also used to carry up the 
contents of excavations, ballast, and water, etc. 

They are self feeding and delivering, and want very little 
personal attention. 

The chains must be made in the same way as those described 
for the endless lifts ; they should be made in a mould, and 
carefully drilled by special apparatus to ensure each set of 
links of chain being the same length on each side. 

In some of the large breweries these elevators are from 
50 feet to 60 feet high ; any inequality in the lengths of the 
links in such cases would cause an accident and stoppage to 
this part of the plant — often a very serious matter, and in- 
volving heavy losses. This is a case where the work should 
be of the highest class, and first cost not so much an object as 
good sound work. 
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CHAPTER V. 

BARREt OEAR WORKED BY SHABTINQ. 8TEAM CAPSTANa 

For raising hops, malt, sacks of rice, com, flour, etc., thiH kirnl 
of gear is to be i-ecommended, especially where other steatn 
power is required for carrying on the business. 

Patent Gear (Drawing No. 45). 

The barrel is generally about 10 inches in diameter, nnd 
the length according to height to be lifted, worked by paUint 
frictional gear, the large wheel being keyed on the liaiTel 
shaft; a small counter-shafl has a grooved pinion on same. 
It is driven by strap gear from the main shafting, or tho 
pinion may be keyed on the main shaft. The abaft of the 
barrel has eccentric bearings, and by means of levers con- 
nected to each end, the two wheels are brought into contact, 
and motion is given to the barrel. 
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the careful proportion of the parts and perfectly true woi'k- 
manship. 

Cone Gear (Drawing No. 46). 

In this case the barrel is the same as before, but in lieu 
of the patent wheels cone clutches are used ; the angle of the 
cones must be carefully designed. When the barrel is on 
the main shaft (provided the speed is suitable), the male 
clutch slides in and out of gear on a feather, by means of a 
clutch lever of the usual type. The barrel has one female 
clutch at one end, or sometimes two, one at each end, as 
shown, bolted to same ; the boss of barrel is bushed with gun- 
metal, and runs loose on the shaft. 

The lifting is done by bringing the clutches into contact ; 
and the lever gear is so arranged that when the cones are 
thrown out of gear the brake is put on, and vice versa. 

Self- A ding Gear is provided to throw out at the highest 
point, as in the last case. 

Both of the above work equally well ; the circumstances of 
the particular case must decide which should be used. The 
author, having had much experience with both, can say they 
work silently and without vibration, and are very safe. 

Slack Belt Gear. 

The barrel, as before; a large double-flanged pulley is 
keyed on the shaft. It is worked by a slack leather band, and 
driven direct from the shafting. It is brought into gear by a 
long lever having a small flanged tightening pulley on the 
end. The barrel shaft also has a brake, with brake lever gear 
and rope. The working lever has a counter-weight to take 
out of gear directly the man lets go the working rope, and at 
the same time the brake can be put on. 

This plan is only suitable for one or two sacks of com, flour, 
etc., and is usually made to lift at a high speed, and in some 
cases is arranged with a double chain, one on each end of 
barrel, to coil off and on ; the end of each chain has a large 
ring to form a running noose for the sacka 

Self' Acting Throvoing-Oat Gear is also provided for this 
apparatus. 

The pulleys to drive should be large diameter, wide, turned 
(but not too smooth) on the rim and edges of flanges; and 
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should bo curved to give a grip to the belt, which ^hnnld \)o 
^ inch to 1 inch less in width than the distance betwui^n the 
flangea of the pulleys. 

It is better to avoid lacing this belt; it should be rivettcd at 
the joints, or strap fasteners may be used. It is advi-sable 
to examine the belt occasionally, to see the joints are jierfect, 
as otherwise there is a liability to accidents if the belt breaks. 

Stout single straps are the best ; they are more pliable, and 
bite better on the pullies. 

Apparatus of this kind are usually fixed in pent-houses 
overhanging the road or water, the floor of the house having 
two sets of oak Baps, hung on leather hinges (where the lift 
is double), with a hole for the rope to pass through. 

The timbers of this house should be rigid, and fitted to 
stand hard work, so as not to communicate any vibration to 
the building. The author advises that these timbers be carried 
some distance back, framed into strong timbers, and properly 
stayed and strutted. 

The sides of the pent-house should be enclosed, to ]>rotoet 
the men from the weather when working. The quickest 
method of working is to lift one or two sacks at a time. 
Much loss of time takes place when more are raised, both in 
putting on and taking off the load. 

The speed is usually 200 feet to 250 feet per minute. 
Chains are used, \ inch to ^ inch in diameter, short link, 
with a round ring at the end to form a loop for the sacks. 
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CHAPTER VI. 

GENERAL REMARKS ON STEAM LIFTING MACHINERY. 

Ste^vm power can be applied in many cases where hydraulic 
power is not admissible. The cost of working is in favour of 
steam, both as to coals, wear and tear, etc. ; also in the first cost, 
which is much less, thus reducing the interest on capital and 
sinking fund, all of which must be taken into consideration in 
forming estimates to be of any practical service. 

Where the insurance offices will not allow any fire, a gas 
engine can be used with much advantage ; in some cases gaa 
boilers have been used, but the advantage of economy certainly 
is on the side of the gas engines. In many cases the con- 
venience attending their use is so great that the cost of gaa 
is a matter of no moment. 

The cost of unloading goods by steam cranes may be taken 
at 5(L to Gel per ton ; this includes all expenses, wear and tear, 
interest on capital, and depreciation, etc., of plant. It must be 
borne in mind, the number of cranes must not exceed the trade 
of the place, or the cost will be materially increased by the loss 
of dead capital. The positions also of fixed cranes should have 
very careful attention to suit them to the special requirements 
of the particular class of business to be carried on at the place. 

Cost ofvjorking Steam Cranes coTnpared imth Hand Labaur, 
— Five warehouse cranes cost, for hand labour, at one of the 
large wharves, £5 17s, Aid. per day. Five warehouse steam 
cranes, cost of working, including all expenses, labour, coal, 
wear and tear, interest and depreciation, 308. per day; cost of 
coal per week was 298. 

Steam Pipes. — All pipes must be kept at least 6 inches 
clear of the timbers of a building, and where they pass through 
floor boards a plate must be fixed on same to protect them 
from the heat. The same applies to pipes passing through 
any roof; it must be remembered the steam would othei'wiso 
dessicate the wood, and render it short and easily fired. 



66 STEAH LJFXISa HACHIHBRT. 

All pipes in trenches should be laid to fall to the condense 
boxes; these should not be further apart than 60 feet to 80 
feet. It is almost needless to say pipes must be coated with 
composition or felted, and well protected from the weather. 
The trenches should be brickwork, and of sufficient capacity 
to get at the jobit of pipes. 

Condense pipes, with petcocks, should be fixed in all steam 
cylinders, and means also be provided to drain the steam and 
exhaust pipes, when the machines have been standing any 
time. 

Ga^'Iron Pipes should be Banged and faced, with the holes 
drilled and well provided with expansion joints. The best kind 
are copper or iron discs, which do not rust up and become 
useless in the same way as the old kind of sliding joints. All 
bends should be easy, no square elbows used, and where T 
pieces join the main pipe, the junction should be curved to 
allow the steam to flow easily. On various points on the top 
of the main, air-cocks should be provided, which should always 
be opened at first starting to discharge the air in the pipes, 
and also the petcocks at the bottom to let oat condense water 
and allow the steam free passage. 

Wroughi-Iron Pi/pes should be flanged in places, and be 
provided with means to allow of easy disconnection and 
to make repair^ expeditiously in case of accident. For this 
purpose the pipes should have a valve fitted to shut olf the 
steam at various points. The same remarks as for cast-iron 
ipes. as to flanges, etc.. anplv. and also aa to the exnansion 
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Steam Cranes are not aflTected in the most severe frost, and 
in this way have an advantage over the hydraulic cranes, the 
pipes of which are sometimes frozen in severe weather. 

At large wharves, etc., where the work is nearly constant, 
only one man should work each crane ; it is advisable, however, 
to have men in reserve in case of illness or absence. This man 
should be responsible for oiling and lubricating all parts, and 
keeping the crane and machinery clean. Good wages should 
be paid to competent men of this class, and encouragement 
given them, in the shape of small advances on their wages from 
time to time, when they do their work well and safely. It is 
a serious mistake to employ incompetent or careless men for 
this sort of work, as, in the event of an accident occurring 
through their negligence or want of knowledge, heavy losses 
may take place, besides the possible risk to limb and life. 



PART III. 
HAND POWEE LIFTING MACHINERY. 



WHABF CRANES. 

Wharf Cranes, bat, 7 Tons.— The best form of cranes for 
a wharf or quay are bb described below. 

The posts are cast iron fixed in a bed plate, in a footstep 
in the masonry of well, where they are firmly keyed. 

The top part of the post is turned. The side fraraes con- 
sist of two cast-iron cheeks, with top and bottom distance 
pieces bored out at centre, to fit the tuiiied parts of the posts. 

The bed plate is cast iron, strongly bolted to masonry ; it 
has a circular rack, or wht'el, at the tup, and a conical race for 
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as low as possible, and of sufficient length to coil, say, 25 to 
30 feet of chain. The steering gear is at the back of the 
crane. 

The brake wheel is usually cast on the side of large spur 
wheel. The strap should be wrought iron lined with wood. 
The brake should Tiever be applied on the teeth of the spur 
wheel ; it is very dangerous, and serious accidents have 
happened through this being done. 

For raising heavy weights, a movable pulley is used ; but 
when lighter weights are required, this is dispensed with. 

It is advisable to cover over the working gear by a hood, 
made of sheet iron ; this protects the machinery and also acts 
as a shelter for the men in wet weather. 

All wheels should be bored in the boss, and all shafts turned. 
It is advisable also to tip the tops of the teeth of the wheels. 
The pinions should have side shrouds, and not less than twelve 
teeth. The radius of the winch handles should not be more 
than 18 inches — the usual radius is 16 inches ; and the height 
of the centre of the shaft not more than 3 feet 3 inches from 
the ground line, or where the men stand to work. 

The bearings should be wide, equal to, say, 2 to 2J times 
the diameter. 

The chains should be of ample strength, and not worked to 
more than J proof strain. It is to be further observed, when 
heavy goods are lowered by brake, care should be taken not 
to subject the crane to heavy shocks by suddenly putting on 
the brake. A notice to this eifect should be posted on the 
crane ; it may be the means of avoiding accidents and con- 
sequent loss. 

Foundations should be of brickwork, resting on a good 
concrete base, with York base stone at top, not less than 10 to 
12 inches thick. All the work should be done in Portland 
cement, and where the soil is of a soft nature, piles should be 
driven, cut off at the top, and then planked over; on this 
platform the concrete base should rest. It must be borne in 
mind, the first cost of a good foundation will be more than 
saved by the decreased wear and te^r of the crane in working. 
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PoBTABLE Cranes. 

The general fonD of this class of crane, in the details of the 
working gear and arrangement of the parts, is the same aa 
above, except that the post should be wrought iron, and the 
cast-iron bwe plate fixed to a trolley on four wheels. 

The gauge of the wheels is usually made to 4 feet 8 J inches, 
to run upon a railway if required, or to any gauge to suit the 
special case ; the centre of the wheels should be well spread, 
to give a good base and ensure steady working. The frame 
is usually made of wrought iron, and the base plate of crane 
bolted dh-ecUy on tJie top ; the side frames are made with long 
tfuls, to carry a counter-balance box, which is adjusted to suit 
the varying loads to be raised. In addition to the counter- 
balance, the wheels are usually clamped to the rails when 
lifting a load. 

Wrought-Iron Jiha in both the fixed and portable cranes are 
preferable to wood, more especially in hot or wet countries ; 
the wood is liable to decay, and rots or shrinks in the cast- 
iron sockets. The radius of the jibs can be made adjustable, 
suitable to various conditions of work ; this is not usu^y done, 
unless spedal instructions are given. In ordering or specifying 
this should be expressly stated. It is not, however, desirable 
to have this done unless the work requires it, as the cranes do 
not work quite so steadily as when the jibs are of a fixed 
radiua 
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CHAPTER II. 

derricks. 
Derrick Crane. 

These cranes are mostly constructed of timber, are made to 
take apart easily, and can be transported from place to place ; 
they are very suitable for temporary work, either for light or 
heavy weights. They are easily taken apart when required 
to move them to another spot. 

The working gear is the same as the ordinary crane; the 
radius of the jib is adjustable ; they can be fixed at the top of 
a building, to haul up the material, and are usually in this 
case fitted to work by hand or steam power. 

The base timbers in any case must be weU spread, and either 
loaded or strongly bolted to the ground or platform it rests on. 

The best material to use in construction is oak, but in most 
cases they are made of fir, on account of portability and 
economy as to cost. All the junctions of the various parts are 
iron sockets; the timber should be kept well painted, to 
preserve it from the action of the weather. 

The gear is fixed to a bed plate or frame, and bolted com- 
plete to the post ; much care is necessary to ensure this being 
quite true, to avoid undue strain upon any of the parts. 

Foundry Cranes. 

The best kind are made of wrought iron with two powers, 
one for light and one for heavy weights, and are fitted also 
with a racking out motion. 

The post is made of two trough girders with angle irons 
on the inside. The jib or top member is formed of two girders 
of the same class, leaving a space between for the chain to 
work between. 
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There are two diagonal struts of same section rivetted to 
the post and jibs. 

The working gear is of the usual kind, with the racking 
out motion worked by a separate winch handle. 

The post works in cast-iron steps, at the bottom firmly fixed 
on a stone base, and at the top in a bearing fixed to the timbers 
of the roof 

For foreign work it is advisable to construct these cranes of 
timber, as in case of fracture they can be easily repaired, and, 
where suitable material is at hand, the timber parts can be 
made on the spot, and so save the coat of freight and carriagf;. 

The gear in this case is self-contained in a cafit-iron frame, 
and bolted to the wood post of crane. 

Platform Cranes for Loading Carts, etc. 

These are usually made of timber, with gear to work as 
before, except that an endless chain, working on to a spocktt 
wheel, Is used to raise the load. In this case all the gear in 
fixed at the top, and the post is left clear. 

Cast-iron steps top and bottom are fixed for the post to 
turn in. These pivots are made of cast iron, with sockets 
to receive the timber. 

In some cases these cranes are made of wrought iron, as 
for railway coke platforms ; upon the whole, they are the most 
suitable. The author recommends their use where first cost is 
not an object, as the difiereuce in expense is not large. 
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three legs with a strong shackle, to which the lifting chain is 
attached, 

A crab motion is either fixed to one of the legs or a separate 
crab used. This kind of apparatus is very useful, especially 
for temporary purposes ; it is both strong and portable, and 
can usually be constructed from the material to be found in 
most localities. Good sound scaffold poles, as free as possible 
from knots, are very suitable for the purpose ; they should be 
nearly same diameter at top and bottom. 

Shear-Legs, WITH Racking Out Movement. 

These are suitable for loading and unloading heavy boilers. 
When on a large scale, the legs are made of wrought iron, in 
the form of a tube ; the bottom of each leg being attached to 
a powerful cast-iron base plate by hinged joints. The back 
strut or stay is also of wrought iron and attached to a sliding 
plate working in a strong base plate, and connected by a pin 
to the top of the two legs. 

The crab motion for lifting is of the usual kind, with a 
separate set of gear to rack in and out the legs as required. 

These are, as a rule, only used in a large boiler, ship, or 
Government yard, but the same kind of apparatus made of 
wood is also very useful for temporary works, and can be 
rigged up by any good carpenter and smith. 

Derrick, with Two Legs Framed. 

For temporary work two legs are framed together, shod 
with iron at the bottom, and stand upon a baulk of timber. 
Three guide ropes keep the legs in position, and, by adjusting 
the cords, the load can be moved to any required spot. Where 
much work has to be done and the legs wanted for some period, 
they are fixed at the bottom to a frame fitted with wheels ; 
this is not only more convenient for shifting the legs from 
point to point, but gives facilities also for taking up the load 
at one spot and depositing it at another. The legs in this case 
are moved by spur gear connected to one pair of wheela The 
power applied to lift the weights may be hand power by crab 
motion, or by a steam hoist fixed near the spot, the chain 
being led to the legs by guide pulleys. Special arrangements 
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are made to allow of the range of movement required for the 
particular case. 

A single scaffold pole is also Bometimes used, and, with 
skilled men, heavy weights can be raised ; the pole should be 
shod as before, and should have very little taper. 

There are various other kinds of derrick to suit special 
requirements ; the auUior, however, thinks they need not be 
more fully described here, as, with the aid of the above details, 
many other forms can be devised by an intelligent man. 
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CHAPTER III. 

WAREHOUSE JIBS. 

The best form are wrought iron, as described for the steam 
cranes (p. 50), made with flat bars. 

The working gear is an ordinary crab (for description, see 
below) ; this is either fixed to the floor inside the building, or 
of special make and fixed to the wall. 

In some cases the crabs are fitted with a counter-balance 
motion to bring up the slack chain. 

The old style of jib was made with round or square iron ; 
it is not, however, such a good form as the one above, and the 
author does not recommend their use. 

Crabs (say 40 Hundredweight) 

Are made with single and double purchase gear. The most 
usual forms have two cast-iron side frames, with bored bosses 
for the shafts to work in. To ensure truth, the two frames 
should be bolted together and the holes bored out at the same 
time. All the holes should be bushed with hard gun-metal, 
bored out for the spindles to work in. 

The spindles and shafts should be turned, and the wheels 
bored and keyed on same with sunk keys ; jlaia on the shafts 
do not make good work, and should never be used. 

The barrel should be bored at each end, and keyed to the 
spindle. The brake wheel may be cast on the side of the spur 
wheel ; it should not be less than 1 inch thick, and 2 to 2^ 
inches wide. The straps should be wrought iron, and the lever 
should have sufficient power for one man to hold 1 J ton easily. 

Where the crabs are for inside use, the brake strap should 
be lined with wood. The side frames should be H section, 
and have four wrought-iron coUared stays, to keep them the 
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proper distance apart. These etaya should be (for 40-hundred- 
weight crabs) IJ inch in diameter. The feet of side frames 
should be wider than the sides, to ensure a good, firm base, 
and should have a bolt hole in each foot. 

Much greater care should bo given to the selection of crabs 
than is usually done, in consequence of which and owing to 
the competition which exists, very imperfect apparatus are in 
the market, and too often get used, and in many instances 
serious accidents are the result. 

In purchasing a crab, or in specifying for one, whatever 
weight is required to be lifted, it should be stated that " H 
mvst be lifted direct from the barrel," otherwise, the purchaser 
will be told " it is never done except with the aid of blocks," 
and he will get a smaller and much less valitahle apparatus. 
This partly accounts for the large diSerence in the prices of 
different makers. 

JA.CK3 

Are used in various forms. The one known as " Haley's " is 
one of the best, and not likely to get out of order. 

The common screw or bottle jack is very useful, especially 
for underpinning walls, etc. ; it is simple and not liable to 
fracture, and is perfectly safe. 

The hydraulic jack is also useful ; they are, however, rather 
apt to get out of order, and, for a foreign country, are not on 
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the author's experience of their use, extending over about 
twenty years, they can be confidently recommended. 

Usefvl application of the above, — A rail can be fixed to the 
roof or to the main timbers under the ceiling of a building, 
and a small carriage on two wheels, with hook at bottom, can 
be run on the rails ; and by means of one of the above blocks a 
load may be lifted and run to any part of the place. The rail 
may be curved if not of too sharp a radius. 

To deliver sacks of com, etc., from a doorway to a distant 
part of the warehouse, one rail is fixed with an incline from, 
the door to this spot ; it ends in a curve, and another rail is 
fixed inclined the other way back to same spot. A small 
carriage mounted on wheels runs on the rails, the carriage 
being suspended under the rails. These are very useful 
machines, and can be easily constructed by any handy smith. 
The patent blocks must, of course, be obtained of the maker* 
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CHAPTER IV. 

HAND POWER LIFTS. 

The most important kind of machinciy of this cloas are lifts 
for warehouses and public institutions. As this class of work 
has not in many cases received that attention its importance 
deserves, full details are hereafter given, which will enable 
the architect or engineer to specify what he requires.. All the 
examples described are from works actually executed by the 
author, and which have stood the test of many years' successful 
and safe working. Many modifications may be made from the 
various types given to suit special cases without altering the 
general principles on which ihey are constructed. 

Warehouse Lifts for 10 Hundredweight (Drawings Nos. 
47, 48, and 49). 
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must be rivetted on each side to take the thrust. At the centre 
of cross bars a wrought-iron plate is rivetted between the two 
bars, with a hole to receive the shackle of chain or rope ; the 
hole should be drilled and the edges rounded to prevent any 
cutting of the shackle. 

The Guide Bars. — T iron 3 inches by 3 inches by ^ inch. 
They should be back plated at the joints, and the ends squared. 
They must be erected vertically and dead plumb on the faces, 
and bolted to the joists at each floor ; if the height of same 
exceeds 9 feet, they must be fixed to intermediate timbers to 
keep them rigid ; after they are fixed in their place, the front 
edges must be filed down and all irregularities removed, care 
being taken to make the joints fair. 

The clearance at any part between the guides of cage and 
the bars must not exceed ^ inch. 

The rope working the lift passes over a spocket wheel at 
top, of a diameter equal to the J width of cage, and the centre 
of the counter-balance at back. In most cases the wheel will 
be about 20 inches to 24t inches in diameter at the pitch 
line ; the shape of this groove is very important. The rope is 
gripped by the groove of the wheel, and passes direct to 

The Counter-balance. — This is a fiat iron weight, rather 
less than the weight of the cage, with two grooves planed out 
at the sides. The top part of the weight has a pocket, to add 
loose weights if required. 

Two L iron guide bars, 1 J inch by 1 J inch by ^ inch, are 
fixed at the back of the table on timbers. The same remarks 
as to fixing apply to these irons as well as to the main guide 
irons. The weight should not have more than J-inch clearance 
at the bottom of the grooves. The shape of the counter- 
balance should be narrow and long, to form a better guide. 

Gear to work Lift. — The spocket wheel is keyed on to a 
shaft, on which is also keyed a spur wheel and brake wheel. 
Motion is given to the lift by an endless rope passing through 
all the floors ; thimbles are fixed at each fioor to prevent the 
rope cutting ; this rope works a large spocket wheel, say, 3 feet 
6 inches to 4 feet in diameter, keyed on to the first shaft at 
top, on which is a pinion with a sliding clutch ; this pinion 
gears into the spur wheel on the spocket lifting wheel (second) 
shaft. 

By means of a lever and rods passing through all the fioors, 
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the gear can be thrown in and out, bo as to allow the cage, 
empty or full, to fall by its own gravity. 

A brake wheel is also keyed upon the spocket wheel shaft ; 
a cord from the lever passes through all the floors ; the lever is 
flttcd with a counter-balance to throw it out of gear. 

The rod working the clutch gear is made to swivol at the 
top, and has a handle at each floor ; when the rod is raised or 
lowered to throw the spur wheels in or out of gear, the handle 
is turned half-way round, and rests upon stops fixed to the 
side posts at each floor. 

The endless working rope at the bottom works in a grooved 
wheel of the same diameter as at the top; it works on a 
bracket, in which is a long slot to take the pin on which the 
wheel turns ; this allows for expansion and contraction of the 
rope, according to the weather. In a long rope for, say, a lift 
of 50 feet, this will alter 3 inches to 4 inches in length, esj^- 
cially in damp weather, 

In cases where the foundations may not be dry, the wheel 
must work in a cast-iron box sunk in the ground, to protect 
the rope from wet and moisture. 

Safety Chains should be fixed on side posts at each floor ; 
and the lift hole lined at the sides, to prevent goods, eta, falling 
out from any of the floors. 

Safety Gear, to prevent accident in case the rope breaks, 
should be fixed at the top of the cage. This gear is specially 
described (see p. 55). 

Bjt.UvE.-j. — Thiire are two plans of working thest;: first, by 
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Hand Power Passenoer Lift (shown in Drawing No. 39). 
Tlie details are much the same as Drawings Nos. 37 and 38, 
except that the cage is constructed in a different way, and 
lined at the sides with wood, with a roof at the top also of 
wood. The working rope, in this case, is at the front of the 
lift. The guide bars are cast iron, planed, fixed on timber 
ininners, and erected in the same way as described for hydraulic 
passenger lifts. 

Well Holes for Lifts. — In new buildings, it is advisable to 
construct these in brickwork, on account of the risk from fire. 
In several instances, in the author's experience, when a fire 
has commenced in the basement or ground floor, warehouses 
have been destroyed by the flames rushing up the lift hole 
and firing each floor in its ascent. Experience has shown that 
where lift holes are of brickwork, and even only wood doors 
or shutters at the various floors, the flames have simply run 
up to the roof, and burnt that portion, leaving the rest of the 
building untouched. The fire insurance rates are also less in 
this case. The author advises warehouse keepers and others, 
in case of fire in the lower part of the place in the daytime, 
to have, if possible, all the lift hole doors closed at once ; the 
damage will then be confined to the interior of same. Of 
course, every night all the shutters and doors should be closed 
and locked. 

Doors to the Lift Hole at the various floors. For these 
the author prefers wood, and usually made like an ordinaiy 
room door or a sliding shutter. In places where the public 
have admission, the doors should have patent locks, and be 
only capable of opening, by the attendant in the cage, fi*om 
the inside of the lift hole. 

Ropes are the most preferable for lifting, and should always 
be of ample power; for 10 hundredweight, not less than 
3 J inches in circumference; 15 hundredweight, 4 inches to 
4J inches in circumference. The endless ropes should be 
3 J inches in circumference, to give a good gi-ip to the hand. 

Brake Ropes, 2J inches to 3 inches in circumference, for the 
same reason. 

It is advisable to examine the ropes and all the gear once 
per month ; and also to test the " safety apparatus," to make 
sure it is in perfect working order, 

Q 
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The various parts of the lift should Ite made of sufficient 
Htrength to stand the shocks it may be liable to from having 
ihe brake suddenly applied when a heavy load is in the cage;, 
or {rota the rough usage that such ap|>ai-atus get from the 
class of men who have usually to work them. 

Wareooose LrFT, with Gear below (Drawing No. 50). 

There are many cases where goods have to be raised and 
lowered from the ground floor to the basement, and whci-e tlie 
gear cannot be fixed at the top ; in this case all the working 
gear is fixed in the basement. 

The Table, or ci^, is constructed in much the same way 
as before described, except that the iraming for guides, liftin<^ 
bar, etc, is inverted. The least depth for the iron cross bars, 
to which the guides are fixed, should be 3 feet ; this is for the 
purpose of keeping the rubbing plates at a sufHcient distance 
apart, to ensure easy working, and prevent vibration. 

The guide irons and counter- balance, etc., will be the same 
as before, except that the latter, with its guides, may ra^uirc a 
ditrerent ai^raugciiient to suit apcciiil ca«;s. 

WoiiKlNG Gear is usually a special cmb motion fixed to the 
floor of the basement ; this is fitted with a winch handle and 
fly-wheel, or with a grooved wheel and entUess ro[)e. Two 
chains are attached to the cross bars under the table, one on 
each side, ]>aasing over two grooved chain wheels, fixed under 
tliLi ground floor line ; at the other aides, two chains jia.ss over 
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each side of the table, are attached to the cross bar, and pass 
over two pitch chain wheels at the top under the floor, and 
two at the basement sunk under the floor; motion is given 
from a crab gear, as before described, and by means of another 
endless pitch chain working on wheels on the shaft on which 
the two lower pitch chain wheels are keyed. Brake gear, etc., 
is also attached to this shaft in same way as before described. 
No wheels (except the crab) are above the floor line, either 
at the top or basement floor. 

Warehouse Lift, with Gear below. B. 

This is constructed on much the same plan as above, except 
that the shaft, having the tooth wheels gearing on to the pitch 
chain, is fixed at the top, under the table. Two pitch chains, 
one on each side of the table, are attached to the lifting cross 
bars, and pass over the tooth wheels to a counter-balance on 
each side. On the shaft at top is keyed another tooth 
wheel, which, by means of an endless pitch chain, is geared to a 
crab motion of the same construction as before. 

This class of lift is specially suited to a cellar where there is 
little head room, and where, owing to the foundations and 
other causes, no gear can be worked below the basement line. 

The chains for this class of lift must be of the best kind. 
A good form, and one much used by the author, consists of square 
links made of round iron, with flat S connecting links of hoop 
iron, secured by one rivet at the lap. They are most reliable 
chains, not subject to fracture, and easily repaired by putting 
in new links; great care is required in the manufacture to 
ensure that all the links are exact to pitch. 

There are several other adaptations of the above class of lift ; 
but as they are only used for very special circumstances, they 
need not here be noticed. 

Cellar Lifts, Inclined (Drawing No. 51). 

In some cases it is advisable to construct the lift to allow 
the table to rise and fall upon inclined side girders or guide 
bars. 

The gear for raising and lowering the load is much the same 
as before described. 

The table is made of an angle iron frame, with wood top and 
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with iron framing below, fitted with four friction wheels with 
flanges. 

Guide Qirdera may be of wrought iron, " trough-shaped," 
and on the lower tlanges of these the wlieels of the table run ; 
at the top of the girders a cross girder takes the chain wheel 
and its carriage. 

The chain to raise the table is attached to a cross bar umler 
the table, and thence passes over the pulley to the crab motion. 

The details of counter-balance and guides are much tlie same 
as before, and must be arranged to suit the circumstances of 
the case. 

Screw Lifts, 14 HtrnDBEDWEiOHT (Drawing No. 52). 

The Table is made the same as described for No. 50. On 
the under side is tixed a screw 3^ inches in diameter, with a 
s<|uare thread; it works in a gun-metal nut, 6tted in the boss 
of a bevel wheel. The screw rises and falls in a pipe sunk in 
the ground, and is worked by wheel gear and fly-wheel. The 
table has two counter-balances at the back, running in L guide 
bars, as before. 

To prevent undue friction and relieve the pressure on the 
nut, the weight of the table and screw are overbalanced ; the 
wheel in which the nut is fixed has a groove cut in the boss, 
and a clip working in this groove attached to the cylinder 
head prevents the wheel lifting. 
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to the under side of the table in lieu of a screw. The crab 
gear is much the same as before. The pinion working in the 
rack should be wrought iron, pitched and trimmed. 

The rack should be strong, broad in the teeth, and well 
guided on both sides, in the same way as described for the 
hydraulic lift (see p. 38). 

This form of lift is not generally to be recommended ; it is 
not so safe as others ; where, however, the goods are not of 
much value, and not liable to fracture in case of falling— the 
action of the gear being rapid both in raising and lowering — 
they can be used with some advantage. 

These lifts are sometimes driven by steam power ; in this 
case the driving gear should be toothed wheels : belts with 
wood and iron teeth are not safe to use. 

Endless Lifts. 

These may have hand motion applied ; they are described 
at p. o6j and can be made in various forms. They are suitable 
for light packages of one size and weight, and where the goods 
to be transfeiTcd are in large quantities, and for the purpose 
of passing them from floor to floor, either for storing or to 
another part of the place where the next process in their 
manufacture is to be cairied out. They work slowly, and have 
to be designed to suit the special requirements of the case. 

Rope and Bucket Lift. 

This is a very useful lift for taking up books, papers, etc., 
either from one floor to another or up a staircase, especially 
where there are no means of fastening to the floors, etc. 

Either single or double wheels are fixed at top and bottom. 
An endless wire rope passes over these, having buckets or 
pockets attached at various points of the rope ; in these 
receptacles the books, etc., are placed. They are noiseless 
in action, very simple, the cost is small, and they can be 
fixed by an intelligent mechanic. 

Lowering Machines (Drawing No. 53). 

Machines to lower casks and other goods, aic made self- 
acting. 
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The tabic, guides, etc., are the same as before. The weight 
of the table is overbalanced by the counter-weight. 

Mo gear is required except a top wheel, shafl, brake, and 
lever. As this class of machines are subject to heavy shocks, 
they must be made very stroDg, and all parts rigid and free 
from vibration. 

In the case of beer casks, part of the centre of the table is 
sometimes left open, and by means of a spring in the lower 
floor the cask is tip]>ed off the platform, and by rails falling 
from the machine, is run away to the place required. 

The brakes in these machines should always be on, and tho 
counter-balance rather heavy for safely holding the load. 

Tho action of tho lifto is very ra})id, and for lowering goods 
the quickest and most economical process that can be adopted. 

House Lifts for Food, etc. (Drawing No. 54). 

For loads of, say, } hundredweight, the best form of con- 
sti-uction is : — 

Cage. — The lower frame of light angle iron, say, IJ inch or 
2 incliea ; top frame 1 ^-inch angle iron ; comer suspending 
irons also li-inch angle iron. The top and bottom frames are 
diagonally braced on three sides ; the floor, of oak, and tho 
inside lined with pine, with one or more shelves according 
to the requirements of the case. 

Tlie guide bars may be 2-inch T iron, and the counter-balance 

hlv baia li-incli L ii 
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the lift hole. The author, however, prefers 1 J-inch angle irons 
for guides, as there is much less friction and no noise in work- 
ing. The extra cost is very small. 

Where the loads are heavier, a spocket wheel is keyed on 
tlie top shaft, and worked by an endless rope passing through 
the floors. In this case brake gear is provided, with a rope 
passing through the floors. 

Light Lifts of this kind, when used at hotels, the best 
plan is to have one for each floor, to ensure that the various 
things ordered get delivered to the proper place, and so save 
confusion; this applies where special orders are given for 
various articles, and prevents any one on a lower floor taking 
them ofi*, and causing confusion and much loss of time. 



IIASD POWER UFTINQ MACHINERY. 



TRAVELLERS. 

The details of the girders and gantry will be the same a.s 
dcscriliwl for the steam travellers, p. 5S. 

Tlic travereer and gear is also the same. To raise or lower 
goods, endless chains from the top gear reach to the ground, 
and, by means of spocket wheels combined with worm wheel 
and ai)ur gear working a barrel on which the lifting chain 
is coiled, the load is i-aised or lowered. 

Two motions are provided for light and heavy loads. 

Tho traverser is also worked by gear and an endless chain 
reaching to the ground. 

The traveller is moved on the gantry by means of a croi^s 
shaft, to which two of the flanged tram wheels are attached. A 
spiickct wheel, with spur gear and an endless chain, works same. 

This kind of traveller is suitable for loads to 6 or 7 tons. 

In some cases the men stand on the girder to work it, and 
so keep tho floor clear. 

Traveller for Light Goods. 

For raising wine, etc., up to 20 or 25 hundredweight, two 
rolleil joists are framed on to wrought-iron end girdurs or 
plates, on which four fianged tram wheels are fixed. 

The traverser is a small frame on four wheels, as before, with 
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CHAPTER I. 

HYDRAULIC PRESSES. 

Hydraulic Presses being now so much used for pressing 
various kinds of goods and materials, the author proposes to 
describe the practical application of same. As most of the 
presses are on the same general principles, he commences with 
the description of one suitable for most kinds of work. 

10-Inch Hydraulic Press, for 3 Tons per Square Inch 

(Drawing No. 55). 

This consists of a ram 10 inches in diameter, by stroke 
varying from 1 foot 6 inches to 7 feet 6 inches, according to 
the sort of goods to be pressed. The cylinder is 5J inches 
thick, and cast with a round bottom; it is bored out for 
24 inches in depth from top, and at 6 inches (from the top) 
has a recess in which is sunk a n leather collar. The pressure 
of water coming upon the thin edge, forces it against the ram, 
and so prevents leakage. The cylinder rests on a cast-iron base, 
having a hole in the centre ; this casting has four holes for 
the columns at the outer edges. The head is cast off the same 
pattern, the hole in the centre being filled up. The colunms 
supjiorting the head should be best scrap wi-ought iron, 3i inches 
in diameter, with double collai>i at each end ; these slip into 
recesses in the head and base, and have plates fitted over tlitna 
and seemed by bolts to keep them in position. The \\hole 
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strain is taken on the collars, which should be forged solid, 
and turned; the bead and baae are also faced at these points, 
to ennure a perfectly even bearing, the collars also being 
turned where they seat 

The table is about 4 feet 6 inches to 5 feet by 3 feet 6 inches 
to 4 feet wide ; the top is planed, and the bottom has a bored 
boss, in which the top of the ram fits ; the table is not bolted 
to the ram, and in case of fracture can be renewed at much 



The base should rest upon a timber frame, bedded on a 
brickwork or concrete foundation, the cylinder hanging _/ree in 
the middle ; it must not touch any part of the foundation at 
the bottom. 

Hyuiuulic PuMra. — For a press of the above description, 
two gun-metal force pumps are fixed on a tank containing 
water or oil, one pump | inch to 1 inch in diameter, and one 
1^ inch or 2 inches in diameter, and one valve box between 
the two pumps, with loaded safety valve. Each pump has 
a strong wrought-iron lever working through guides, the 
usual plan being to have a casting in the shape of an arch ; 
the centre has a bored boss, through which the top of the 
plungers work, and one side slotted to form a guide for the 
lever to work in, and the other for a fulcrum. 

When worked by hand power, an extra lever, with a socket 
at the end, is fixed on to the lever of small pumps, to give the 
heavy pressure. 
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The cotton is put into a wronght-iron box from an upper 
floor ; this box is mounted on four wheels, and has a door at 
tlie side near the top to take out the cotton after pressing. 
When filled, it is run under the press, the ram and table rise 
and lift up a movable wrought-iron plate at the bottom, inside 
the press box, pressing the cotton against the head of the press. 
When the requisite pressure is given, the top door is opened, 
the bale is corded or fastened with iron bands, and pushed out. 
The ram, etc., then descends, and the box is run out on the 
rails at the floor level, and a duplicate filled box run under 
the press-head, when the same operation takes place. 

The size of the bale when put into the press box is 4 feet 
by 2 feet 6 inches by 6 feet to 7 feet high, according to the 
sort of cotton ; when finished it is about 18 inches thick, and 
weighs about 400 pounds. 

The bales are pressed as close as possible, to save freight and 
cost of carriage, as bulk and not dead weight is charged for. 

Pumps to work Presses are usually driven by steam power, 
and are 1 inch and 2 inches in diameter, or when in very 
large places, a battery of pumps, say four 1 inch in diameter 
and four 2 inches in diameter, are set in one tank and worked 
by cams or cranks. 

To run up the press-head and take the first squeeze, the 
2-inch pumps are used, and by means of gear these are 
knocked off at a certain pressure, and the 1-inch pumps then 
finish. Self-acting valve gear shuts off the pressure from the 
presses when the maximum is obtained. 

For India, where the pumps are sometimes worked by hand 
capstan, they are arranged in a battery in a circle, commencing 
with 2J- inches to 2 inches, 1^ inch, 1 inch, and f inch in 
diameter. As the men walk round with the capstan bars, 
singing, as they usually do, each pump in rotation, by means 
of self-acting gear, is thrown out when a certain pressure 
has been obtained. The natives like this method better than 
working levers — it does not appear to fatigue them so much, 
and the work progresses more rapidly. 

Wood Press Boxes are sometimes used. They are made 
3 inches thick at the sides, and are well bound with iron. 
Tlicy are generally mounted on wheels, and have top doors to 
open. Fixed boxes are not much used, on account of the loss 
of time in filling them, during which period the press must 
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stand idle. These kind of press boxes are very suitable in 
lilficua where the frciglit and earriaffe of machinery are Iieavy, 
whore wood is abundant and intelUgcnt labour can be ob- 
tained. There is not much pressuie on the sides of the 
boxes. 



Linen and Manchester Goods Press. 

Tliere are usually in a lai^e warehouse ten to twelve 
hydi-aidic presses ; the diameters of the rams vary fixim 
10 inches to 12 inches and 14 inches, and the proportion is 
about six 12 inches, four 10 inches, and two 14 inches in 
diaiucter. All the remarks which follow apply to a plant of 
about this power, tlie author considering the details would be 
better undei-atood by describing the actual working of such a 
plant 

The dimensions of these presses are — rams, lOinclies, 1 2 inches, 
and 14 inches in diameter, and 4 feet G inches to 5 feet G inches 
stroke ; tables, feet by 3 feet 6 inches ; columns, 4 J inclies in 
diameter ; heads and bases, 3 feet by 7 feet by 20 inches deep 
at the columns, and about 24 inches at the centre of ribs; 
height from table to under side of head, C feet. CylindLTs, 
7 inches and 8 inches diameter, equal 4 inches thick ; 10 Inches 
diameter, 5 inches thick; 12 inches and 14 inches diameter, 
6 inches thick. Tlie working pressure is 2i tons to 2| tons 
per square inch. 
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Hydraulic Press Pumps. — The pumps for walking these 
pi-osses are six in number, and set on a tank or box, the phingers 
are 1^ inch in diameter by 3 inches stroke. The barrels and 
plungers, with the valve boxes, are all of gun-metal. 

They are worked by a crank or cam shaft of wrought iron 
or steel, 3J inches in diameter, with 3J-inch diameter crank 
pins. The bearings should be at least 4? inches to 4 J inches 
wide, and of hard gun-metaL 

The crank shaft is carried on an entablature, with the bear- 
ings on the under side of same ; this is done to take the 
thrust on the framing, and not on the caps of the bearings. 

The connecting rods to the plungers have knuckle joints, 
and are fitted with a steel plate " liner," which is set up by 
a key as wear takes place ; this is for the purpose of taking 
the thrust off the pins, and prevent knocking and noise. 

The rods should be If inch in diameter at ends, and i^ inch 
in diameter at centres, and made of wrought iron or steel. 
The cross-heads of same, working on the crank pins, are made 
of gun-metal, and the caps strongly bolted, and fitted with 
check nuts. 

The pressure pipes are wrought iron, and f -inch bore, and 
are connected by three 1-inch diameter main pipes to the 
presses. There are twelve plungers to each pipe. 

Each press requires twelve pumps to put on the pressure to 
1 ton per square inch ; six are then knocked off by self-acting 
gear, and finish with six to the full pressure, which varies 
from 50 to 55 hundredweight per square inch. As a rule this 
pressure is never exceeded. 

Safety valves are provided, one to each set, and one to 
knock off part of each set when the heavy pressure comes on. 
These valves are fitted with carefully graduated levers, marked 
for the various pressures. 

The speed of pump shafts is 60 to 65 revolutions per 
minute ; some work as high as 70 ; it is not however advisable, 
as it increases the wear and tear of the gear, and, owing to 
the slip of the water, very little is gained which compensates 
for this. 

The work must be of the highest class to stand the heavy 
shocks to which it is subjected. 
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Special Pumpiso Engines for Hydraulic PresseSl 

Enoines and Pumps combined are sometimes use<l, con- 
structed upon the following plan. The steam cylinders aic 
horizontal, and the engine coupled and fitted up in much thu 
same way as those described for hydraulic crane work ; the 
pumps are worked direct from the piston rod, and vary in 
number according to special requirements. In cases where 
these direct-acting engines are used, they only pump for the 
presses, and do not drive other work. 

Another plan is to attach a pair of steam cylinders to the 
battery of pum{)s, made as described at p. 93, the tank having 
a projection cast at each end to form a base plate for the 
cylinders, which are fixed outside the tank and entablature 
at each end, A throttle valve in the steam pipe is worked 
by special levers from the safety valve, to control the spued 
of the engines to suit the work to be done. The fuuiida- 
tions for pumping apparatus of this kind must be solid an<l 
good, and the bed plate well fixed to same, by long holding 
down bolts and plates. 



Engines for Working Pumps of Presses, 

For a plant where twelve presses are worked, say, six 12-inch 
rams, four 10-inch, and two 11 inches in diameter. 

To work this number, it requires six sets of pumps, six in 
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Sufftci^ent power in Ute ei\gine is provided to work, by steam 
or hydraulic power, the cranes and hoists in the warehouse. 
For a plant of this size there would be about four or five 
cranes and three hoists, each capable of raising 10 to 3 2 
hundredweight, and probably one or two hydraulic passenger 
lifts, to raise 10 hundredweight each. 

Boilers. — Two Lancashire, 6 feet 6 inches in diameter, by 
24? feet long; two tubes, each 30 inches in diameter. One 
boiler only is worked, the other is a spare one. 

Pressure of steam required varies with the work ; for three 
presses at one time, say, 30 pounds to 35 pounds per square 
inch ; and five presses at full pressure of 2 J tons per square 
inch, say, steam, 45 to 50 pounds per square inch. 

The boilers are usually placed in a separate building, to 
reduce the risk from fire and keep down the rates of in- 
surance. 

General Remarks. — When five presses are at work at one 
time there are usually ten to twelve presses altogether, it 
being ari'anged that the extreme pressure can be taken with 
three or five presses ; while the bales are on, the other ones are 
being finished, and the rams run down, and tables reloaded. 

Very special arrangements require to be made in the pipes 
to take off shocks. The valves used for letting on the pressme 
must be gun-metal, and of the best manufacture. 

Hydraulic accumulators can also be used ; the pressure is 
more continuous, and can be stored up by the engines when 
the presses are out of gear. 

This is a case where a difierential accumulator can bo 
applied and much power saved, by reducing the water used 
and consequent amount of pumping. 

Hay Pressing. 

For bundling, the commencing press is 6 inches in diameter, 
by 7 feet 6 inches stroke. Three or four trusses are usually 
put into the press ; this is about 6 feet high, when pressed one- 
half, the bundles are taken to a 10-inch press, of about 3 feet 
6 inches stroke, to have the final pressure, which is usually 
2 J tons to 3 tons per square inch. The thickness of the balo 
when finished is about 12 inches. 
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Tho quantity jircsnetl Iiy two men in twelve hours is al>out 
S t008. 

One ton of hay (ship's measurement) varies from 110 cubic 
feet to 180 cubic feet, the 10-inch press will biing it to 
130 cubic feet; hence a large savinfj in freight. 

One set of pumps, 2 inches and 1 inch, wiU work two presses, 
and an engine of C to 8 horse-power ; the i>ower used de|>ends 
upon the sjiced ref|uired in pressing. It often pays better to 
employ larger engines and larger pumps to turn the work out 
([uicker. 

Davis's Patent Plan. 

Small presses are used, say, 7-inch to 8-inch rams, by 4-feet 
stroke. At the press-head are fixed two rails, on wliieli two 
cast-iron boxes run ; these press boxes have a movable wrought- 
iron bottom, and doors at the top at each side. The boxes 
are loaded from hojipera on an upper floor, and are then run 
under the press-head, the ram and table rises, caiTying up the 
loose bottom plate, and pressing the hay between it and a top 
plate put into the box after being filled. When the full 
pressure is taken, the top doors are opened, and two wrought- 
iron cli}is put on each side of the bale, which is thus clipped 
01' held between the two wi'ought-iron plates. 

The bales of hay are then run away on an iron truck to 
an oven, where they are heated, and the elasticity taken out ; 
i, tlie iilaU's can be removed, tind the hiilvs tietl with 
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Another advantage of this plan is that oats, beans, bran, 
etc., can be mixed in the bale ; and will keep perfectly sweet for 
years. The author saw a bale that had been pressed, sent to 
sea, and returned and opened in his presence seven years after 
pressing. The interior smelled like new hay ; and, although 
it had been much exposed to the atmosphere, was not in any 
way deteriorated. 

When pressing on this rapid plan, the pipes must be weU 
provided with safety and relief valves, to take the shocks oflF 
the pump pipes and presses. The engine should also have a 
very sensitive governor to shut off the steam when no pressure 
is being taken from the pipes by any of the presses. 

This is a case where the " Accumulator " could be applied with 
much advantage, on account of the storage of power and the 
direct, control applied to the engine valve to suit the various 
requirements of the work. It would be advisable to have two 
accumulators — one for heavy pressures, and one for light ; the 
latter, say 1 ton to the square inch, and the former 3 tons 
per square inch, and by two lines of pipes and the necessary 
valves, the two presses could be used at pleasure. 

All the work requires to be very strong, as on this system 
of working the shocks to the machinery are of a very heavy 
character; and unless all the work is of the highest class, 
frequent fractures take place, involving not only heavy ex- 
penses for repairs, but much loss of time, which in this kind 
of work is of serious moment. 

The perfecting of hay-pressing machinery, especially on this 
plan, is due to Mr. E. J. Davis (the patentee of the process 
described), and who has carried out this class of business on 
the most extensive scale. 

Oil Presses. 

The rams are 12 inches in diameter and 12 inches to 
18 inches stroke. Height fix)m base to head, 4 feet; four 
3f-inch diameter wrought-iron columns are fftted to the head 
and base as before described. The tables for pressing are four, 
they rest upon steel pins screwed into the columns. 

The columns are about 22 inches by 22 inches centres. Head 
and base, say, 12 inches to 14 inches deep on the outer edge ; 
the ribs in the centre 15 inches to 16 inches deep. 

H 
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Each table is planed at top and bottom, and hafi a channel 
and raised rim all round to receive the oiL Thoae channela 
have a fall to one corner, at which point a small copper pipe 
conducts the oil from each table to the receiver below. 

In the case of linseed, the meal is put into bags and passed 
into a stove ; the bags when heated are packed on each press 
table, and the pressure gradually put on. When the required 
maximiun is obtained, self-acting apparatus throws the pumpa 
out of gear. 

The quantity turned out is about 40 hundredweight of cake 
and 10 hundredweight of oil in eleven or twelve hours; more 
can be done where the rapid style of pressing is used ; it is 
not, however, liked so much as the more gradual work, which 
is considered to extract the oil more thoroughly, and in the 
result is, in the author's opinion, the most economical method 
of working. 

The pumps are of the usual character ; oil is used in them 
in lieu of water. The pressure is about 3 tons per square 
inch, and, say, a total pressure of about 340 tons for a 12-inch 
ram. For ordinary work this pressure is rarely exceeded. 

The column and some parte of the press are bright; this 
enables the man to keep them clean, and saves waste of oil, etc. 



Stearine, and Presses for like Materiai^ 
Are constructed much the same as described at p. 89. The 
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Sugar-Scum Presses. 

The rains are usually 10 inches in diameter, by 2 feet 
6 inches stroke. 

The details of the ram, cylinder, etc., are the same as an 
ordinary press. 

To the head of the press is attached a square piston. The 
table carries a cast-iron press box mounted on four wheels ; 
thickness of metal, 2 inches sides and 3 inches bottom. On 
the inside of this box are cast ribs, and against these ribs four 
copper plates rest, which are drilled with holes. The sugar or 
scum to be pressed is placed in bags in the box on the table ; 
the ram and table carry up the box against the square piston 
at top, which presses the goods, the sugar liquor going into the 
annular space round the box ; a cock and pipe allows the 
contents to be run away into a receiver at the base of the press. 
The box when lowered is run out on to rails and the bags 
taken out. Then distance between the wheels of the press box 
is sufficient to allow the press table to bear on the bottom of 
the box and not on the wheels. 

The Pumps are usually worked by hand, and are 1 inch and 

2 inches in diameter, fixed on a tank of water. Pressure used, 

3 tons per square inch. At the time the pressing is being 
done, plenty of hand labour is available, and as at this period 
it cannot be otherwise employed, it is more economical than 
steam power. This is partly on account of the necessary 
position of the press with regard to the other plant, and the 
time of the day most suitable for carrying out this process. 

Hops at Breweries. 

Spent hops are pressed in the same way as above, except 
that the press box is made with movable sides, to take out the 
cake when pressed. . 

Hops may also be pressed in movable boxes, on the same 
plan as cotton, two boxes being used to save time. The follow- 
ing is a description of presses and pumps made by Messrs. 
Thomewill and Warham, and at work at Messrs. Bass and Co.'s 
and Messrs. Salt and Co.'s, at Burton-on-Trent The cylinders 
are 12 inches in diameter, by 4 feet to 5 feet stroke ; the pistons 
are packed with cup leathers. 

The pressure pumps are made two sizes — the large ones to 
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lift the piston quickly after the hope have been pressed, at the 
e&me time lifting a series cf weights attached to the piston 
rod. When the piston is at the top of the cylinder, and the 
box is filled with hops, a valve is opened, which makes a com- 
munication between the top and bottom of the piston ; the 
weights then bring Uie piston down quickly, and the small 
pumps brought into use to obtain the required pressure. The 
boxes travel on a rail, and are made slightly tapering, so that 
the pressed hops can be easily removed. 

Drugs and Essence Presses. 

For drugs, the ordinary press is used ; and for essences, a 
press with ram 6 inches in diameter by 12 inches to 18 inches 
stroke, with press box made of gun-metal, tinned inside. In 
addition to this, the table has a channel all round, to prevent 
any loss of the liquid expressed. Where the drugs are delicate, 
the top of table is faced with gun-metal and also tinned. 

One pump, 1 inch in diameter, is fixed on a circular tank 
of water ; it is worked by hand lever. 

The pressure is about I ton to 1^ tons per square inch. 

The general details of the press are the same as before 
described, except that for small presses two columns may be 
used in lieu of four. 
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with air, see the former remarks on this subject, under the head 
of hydraulic lifts. 

This same kind of apparatus is applied in various other 
cases, the details of which vary according to special circum- 
stances. 

General Remarks on Hydraulic Presses. 

Cylinders. — Where very heavy pressure is used, especially 
when the strokes of the presses are small, cast-steel cylinders 
are employed with much advantage. They are, as a rule, abso- 
lutely sound, and not porous like cast iron. They are of 
necessity rather costly; but where the work is heavy, and 
taking into account the cost of an occasional fractured cylinder, 
it pays to use the material. 

In casting cylinders and rams, the metal should always 
be run vertically, and great care taken to get off the air and 
gases, to ensure a solid and good casting. Only a selected 
description of metal should be used, the moulds carefully 
dried, and the tempeittture to run the metal should have par- 
ticular care. It is necessary to leave the castings in the sand 
for some time to anneal them, and uncover them gradually. 

One great cause of unsound castings is leaving the mixture 
of metal and the time to run it to ignorant workmen, when 
it really requires most skilful and careful attention. In the 
author's opinion, most of the unsound castings may be traced 
to this cause. 

Press Pumps are best made of bell-metal or phosphor 
bronze, and the various parts of the casting carefully pro- 
portioned, to prevent unequal contraction when cooling in the 
sand. They should be carefully annealed. Much care is re- 
quired in fitting the cup leathers, and seeing that the recesses 
for same are the proper dimensions. 

Water Tanks, for pumps, must be kept clean and free from 
grit; they should be covered, and frequently emptied and 
cleaned out. Oil is the best to use where the goods to be 
pressed will allow it. 

Leathers. — ^The (\ shape for the rams, and fX (hat) shape 
for the pumps, should be made of the best oil-dressed leather, 
cut out of the middle of the back of the hide, and dressed 
down to an even thickness before commencing the pressing. 



i 
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The leathers are pressed in cast-iron moulds; the pressure 
should be gradually put on, and then left several days in 
the presses to harden. Common leather is useless for the 
purpose, and will not stand any wear. 

When well made, of the best materials, and carefully put in, 
they last a long time — in hard-worked presses two years and 
upwards, and those used less often for several years. If, 
however, they are put in by ignorant people, they do not last 
long ; this is very false economy. 

I^ESSUBE Pipes. — The best are Perkin's high-pressure 
wrought-iron pipes. The threads must all be cut in a lathe, 
and all the various caps, etc., must be of hard, dose gun- 
metal, most carefully fitted. At the junctions with the valve 
boxes and the hydraulic cylinder, discs of leather must be used 
to make the joints. 

Foundations. — As before stated, at p. 90, the (flinders 
should hang /ree in the pit ; the base of presses should rest on 
timber, on a brickwork or concrete foundation. On no account 
should the cylinder touch the sides or the bottom of the 
foundation, or be grouted in with liquid cement. 

Steam Power, Pumps, etc. — The engine power should be 
ample, and fitted with variable expansion gear, to accommo- 
date the varying work it may have to do. In all cases double 
cylinder or coupled engines are preferable, as they are mora 
easily controlled, and can be started at any point of the 
stroke. 
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is obtained. The safety valves should be placed at various 
points on the pressure pipes, especially where they turn or run 
in a different direction, to ensure that the extra pressure in 
the pipes at any point finds relief as near same as possible, 
added to which, if one valve sticks, one of the others is sure 
to act. These safety valves should be made with knife-edges, 
working on flat faces ; or, if the valve is made conical, the seat 
should be very narrow. When the valves and seats are made 
as above, they are very sensitive, and more likely to give 
instant relief to the pipes in case of auy unusual, violent 
shock. 
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CHAPTER II. 

HTDRAnLIC WOBKSHOP HACHINERT. 

The application of water power to punching and other 
machines dates back some years. To Mr. E. H. Tweddell 
must, however, be awarded the merit of first bringing the 
same into practical use upon a large scale, for rivetting more 
especially, by the introduction of his patent machinery ; and 
although his application of hydraulic pressure to portable 
machines (those which can be taken to the work, instead of 
having to bring the work to the machines) constitutes the 
most original and interesting branch of Mr. Tweddell's system, 
yet the first successful introduction was due, so far as rivetting 
machines are concerned — 

First. To the employment of a very high pressure of water, 
namely, from 1500 to 2000 pounds per square inch, which 
reduces the sizes of all motive parts, and, consequently, the 
weights — some of these machines, although exerting a pressure 
of many tons, only wt'lghing a few poiinda. 
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the power better under control, while the freedom from vibra- 
tion, and the saving in costly foundations, especially recom- 
mend it for practical use. 

In this system on a lai^e scale, no shafting or gearing is 
required to drive the machines; the power is obtained by 
pumping water into an accumulator, somewhat similar to 
those used for hydraulic cranes. The pressure from this is 
conveyed to the various machines by pipes in the usual way, 
the power being stored up in the " Accumulator," ready at any 
moment for application. 

Machinery of this class is very inexpensive to keep in 
repair — the wear and tear, owing to its entire cessation from 
movement when not doing useful work, being slight, and it 
costs very little for maintenance. 

All of the machines being self-contained and many of them 
being portable, they can be used in any part of the works, and 
their distance from the accumulator is not of much conse- 
quence. The apparatus is thus very suitable for outdoor 
work, such as erecting heavy bridges, since all the apparatus 
can be made portable. A great saving of time and cost is 
effected in such cases, the work being infinitely better done 
than by the best hand work, it being well Imown that, in 
erecting work outside, hand work is often done under very 
great disadvantages. 

Accumulator. 

The pressure for rivetting machines is in some cases obtained 
by pumping water into a " Differential Accumulator." This may 
either be done by a pumping engine similar to those described 
at p. 4, for hyiuulic cranes, or by a set of pressure pumps 
driven by a strap from the shop shafting. This latter plan will 
often be the most convenient where a stationary engine is 
already in use for other purposes. 

The pressure used is 1500 pounds per square inch in this 
country, but in all machines used on Mr. Tweddell's system in 
America, the pressure employed is 2000 pounds per square inch. 

Drawing No. 66 shows an elevation of a differential accumu- 
lator, half in section. The water is pumped in at a, and passes 
into the moving cylinder, B, by the holes, C. The cylinder then 
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rises, owing to the pressure exerted on the shoulder formed by 
the difference of diametera of the spindle, D D, at C, Any 
required pressure is obtained, according to the number of 
weight rings, W W, put on. The water passes to the machines 
through outlet, E. Suitable valves are fitted, not only to 
prevent accidents from too much water being pumped in, 
but also to automatically stop the pumps, whether driven by 
belting or separate engines, when the accumulator is filled. 
Other ordinary forms of accumulators, similar to those used 
for cranes {see p. 4) can be used when a complete shop ia 
fitted up on the hydraulic system, or for working flanging 
machinery, etc. 

There is little reason to doubt, from the results obtained 
in practice, that, in a complete hydraulic workshop, only 
about J to ^ of the boiler power would be required as com- 
pared with that necessary where ordinary steam or geared 
machinery is used, and even better results when compared 
with the system of separate steam cylinders attached to each 
machine. The loss of useful effect between the pressure 
pumps and the accumulator has been shown by experiment 
not to exceed S\ to 4J pttr cent 

The loss by friction in the accumulator is only 1 per cent., 
and taking the friction at the machines themselves, which 
does not exceed 1 per cent, also, we have only % per cent, 
total loss from friction in the machines. 

The Power absorbed by shafting has been shown by ex- 
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absence of all foundations ; and also the saving in head room, 
and the consequent greater facility of working cranes, etc., 
owing to clear headway. There is again a great saving in shop 
floor room, and in boiler and ship yards where much livetting 
is done, the portable riveters, by enabling the work to be 
quickly turned out, make a small ground area as productive 
as a large one not so fitted. 

RivETTiNG Machines, Stationary. 

In these machines the closing pressure upon the rivets is 
capable of adjustment, according to the requirements of the 
work. The pressure brought to bear on the rivet combines 
the efiect of a blow and also a steady squeeze or pressure, 
which pressure can be retained as long as desired. This 
property is also taken advantage of to lay the plates together 
before rivetting, thus saving much heating and risk of burning 
the plates. From 10 to 15 rivets per minute can be closed in 
boiler work, and for girder work a considerably greater speed 
can be obtained. 

The force used varies from 25 tons to 50 tons closing pressure 
upon the rivet-heads. In practice it is found that 40 tons can 
do any work up to 1^-inch rivets in IJ-inch plates. 

The latest form of this machine is shown at Drawing 
No. 57. As will be seen, the cupping die is flujsh with the 
top of the cylinder, thus enabling the rivets in flanges and 
angle irons on flat surfaces, and the throats of locomotive 
fire boxes to be readily reached. In this case the cylinder 
and gear are all above. ground, and the action is direct — 
a great point, if it can be managed. As a rule, the hob, or 
dolly, should be of steel or wrought iron, to allow of small 
flues being got over it for rivetting. The stroke of the dies is 
such that if the rivet is too short, the full pressure is given to 
close it; if too long, no harm comes to the machine, and 
diflerent numbers of thicknesses of plate can also be rivetted 
without any special adjustment. 

Portable RivEmNa MACHiNEa 

These machines will close, say, 300 rivets from 1 inch to 1 J 
inch in diameter per hour ; they are very useful in a workshop, 
and can either be suspended from special cranes or can be hung 
temporarily from ordinary cranes over the work to be rivetted. 
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Drawing Xo. 58 shows the type of machine first patented 
by Mr. Tweddell, but with several recent additions in details. 
It will be seen that it has two levers. The rivet is closed by 
causing the cupping dies attached to the levers to be brought 
together. Either end of the lever may be used for rivetting, the 
other end, of course, acting as the fulcrum. In this way tioo 
gaps are available — one, a short one, capable of closing large 
riveta; the other doing proportionately smaller rivets at a 
greater gap. The pressure water is brought through the 
curved tube by whidi the machine is suspended. This com- 
bination of suspending gear and pipe is used in several 
forms ; it simplifies the tackle about the machine, and allows 
it to assume various positions without breaking any Joints. 
This last is a recent addition, and it may here be observed 
that Mr. Tweddell has frequently acknowledged the valuable 
assistance he has received in designing new machines on his 
system (especiaUy for rivetting purposes) from Mr. James Piatt 
and Mr. John Fielding, and Indeed many of the machines 
about to be described are jointly patented. 

Work dtme. — In bridge work, about 2000 rivets per day can 
be put in on straight girders ; as many aa 5000 rivets have, 
however, been put in by one machine in ten hours. 

In wagon work, rivetting the frames of wagon bodies at 
works in Scotland, 2100 rivets have been closed per day by 
one portable rivetter. 
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Drawing No. 60 shows another form of portable rivetter, 
suitable for boiler flues, briilge work, girders, tender tanks, 
and work where a long gap is desirable. Most of these machines 
range from 3 feet to 4 feet 6 inches gap, and are specially 
designed for lightness ; otherwise their principle of working is 
the same as older types of fixed rivetters. 

These machines can be suspended from overhead travellers, 
or a fixed crane, as shown at Drawing No. 61. The suspend- 
ing gear is so arranged that they can hang with their levers 
either in a vertical (as illustrated) or a horizontal position. 

The cupping dies of these machines can also, when ne- 
cessary, be made flush with the top of the cylinder (see Draw- 
ing No. 61, showing one suspended to a crane), in which case, 
as shown at Drawing No. 60, the cupping dies, A B, can 
rivet angles, etc., on flat surfaces, without the outer radius 
of the cylinder, C, coming in the way. 

Drawing No. 62 shows a form of portable rivetter, which 
enables the cylinder to be removed altogether from the ends 
of the levers carrying the cupping dies. This, of course, 
enables more work still to be reached. 

It is true that in Mr. Tweddell's first patent (see Drawing 
No. 58), the cylinder is out of the way also, but when the 
gaps come to be considerable, this form of machine, owing to 
its having two powers (and in consequence two gaps), becomes 
too bulky, and without su6Scient compensating advantages. 
It is, then, better to dispense with this double action, and, by 
adopting another order of levers, sacrifice the use of the other 
end of the levers for rivetting, and place the cylinder there. 

The most recent arrangement is shown on Drawing No. 62 ; 
gi*eat simplicity and stifihess have been obtained by adopt- 
ing the radial cylinder and ram, as shown in the drawings. 
This type of machine has been used successfully for ship's 
stringers, floors, and similar work, and proved perfectly rigid 
and stiff* up to 4 feet 6 inches gap, and while only weighing 
from 25 to 30 hundredweight; is capable of closing rivets 
1 inch in diameter. 

The cylinder, it will be seen, has its longitudinal axis 
coincident with a radius struck from the centre of oscillation 
of the levers. All connecting rods, etc., are thus dispensed 
with, and since the rams on the one lever, and the cylinder 
on the others, practically form part of their respective levers. 
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the whole machine is perfectly rigid — a very important con- 
sideration towards securing fair and sound work. 

There are many other different kinds of rivetting machines 
made under Mr. Tweddell'a syatem. but it is unneceseaiy to 
particularize them, their number and variety only proving 
the applicability of hydraulic pressiuv to this class of machine 
toola 

The application of portable machines, however, would be 
comparatively limited were there not ab^o suflicient means of 
taking or applying the machines to their work, so as to do 
away with manual labour in this work also. For this purpose 
hydraulic power is, perhaps, in its best field, and by the use of 
hydraulic lifts (which not only do the lifting and lowering, 
but also serve to conduct the pressure to the tool), two purposes 
are served — firsts the size and consequently the capacity for 
work of the machine is no longer limited by the weight which 
men can handle, and all pipes hanging about in the way are 
avoided. 

Hydraulic (Fixed) Crane and Lift. 
Drawing No. 61 shows one of the numerous types of these 
cranes. A vertical lift of fi-om 4 feet to 6 feet is obtained by 
means of the hydraulic lift, A, placed between the rivetter and the 
travelling carriage, B. The carriage travels the whole length 
of the jib, C, and the rivetting machine, D, can be racked in 
and out, without disconnecting the pipe joints. A crane fixed 
wall, and having 2S~t'eot rake, can rivet any work nloccd 
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In many cases, however, the work to be rivetted is spread 
over so large an area that a travelling crane is necessary, which 
is hereafter described. 

Travelling Crane and Lift. 

Drawing No. 63 shows this crane; it can travel from 20 
feet to 30 feet along the ground or the shop floor without 
disconnecting any pipes, and, with a jib of 28-feet rake, a 
floor area of 4000 square feet is covered. The arrangement of 
lift is similar to that in Drawing No. 61. The great advantage 
of this plan is that the work on girders and similar work can 
be going on in different stages on either side of the rail on 
which the crane runs, erecting and plating on the one side, and 
ri vetting on the other ; or the crane can be used for plating and 
erecting first, and rivetting afterwards. Pressure mains are led 
from the "accumulator,** between the rails. The jib in Drawing 
No. 63 is free to revolve all round. A hydraidic lift, carried 
on the travelling monkey, not only serves to conduct the 
pressure, but to raise and lower any weight up to 1 or 2 
tons. Two of such cranes are often placed at the head of 
a ship-building slip, and all the floors and frames rivetted up 
as they pass under on their way down the keel, across which 
they are laid for rivetting before being up-ended. As soon 
as the ship is done, the cranes are moved to the next berth, 
or in some cases placed inside the hold for rivetting up the 
floor, etc. Ship rivettings, so far as the shell work is con- 
cerned, is a problem yet to be satisfactorily solved ; but so far 
back as 1872, in a paper read before the Institution of 
Mechanical Engineers, at Liverpool, Mr. Tweddell described 
his mode of rivetting ships* frames, keels, etc., which is now 
practically carried out, and used by all leading shipbuilders. 

Portable Rivetting Plant (Drawing No. 64). 

The characteristic of this arrangement is that not only is 
the rivetting machine carried on a crane, but the motive power 
for driving it also, and since the waste heat from the rivet- 
heating furnaces nearly suffices to drive the pumps, it is 
evident that, so long as the rivets have to be heated, nothing 
more economical as to cost of working can well be devised. 

The object of this design is to meet cases in which the bridge 
is to be erected in sites where skilled labour is often difficult to 
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obtain, and mach of the rivetting vork is very heavy. This 
plant baa not only been considenibly adopted abroad, but alao 
used in England. The first bridge, indeed, ever rivetted by 
hydraulic machines was thus done in London, in 1872, on the 
Great Eastern Railway Extension Works at Biahopagate Street. 
But little description of Drawing No, 64 is required. All the 
lifting, racking, travelling, and other movements can, if desired, 
be done by power from the engines which drive the pumps. 
The accumulator spindle is utilized to serve as a crane post, and 
all the gear turns round this. The crane jib is made a great 
height, on account of doing the deepest girders. 

SmaU hydraulic punching, sheariag, straightening, and bend- 
ing machines can readily be attached to the bed plate, and are 
very useful ; of course the pressure is available to work other 
rivetters, which, for the time being, may be suspended by 
ordinary tackle on other parts of the work. 

Hydraulic Pcnchinq and Shearing Machines. 

Drawing No. 65 shows a hydraulic punching, shearing, and 
angle-cutting machine, similar to those supplied to the Toulon 
Dockyard, and other places by the Hydraulic Engineering 
Company, Chester, to Mr. Tweddell's designs. The largest 
sizes hitherto constructed can punch 1^-inch holes in 1^-inch 
plates, and shear plates of I^ inch thick at a distance of .'> feet 
from the edge of the platea The advantages of this system 
come out more prominently as the work to be done becomes 
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if desired, it can be taken into three parts and placed separately 
about the yard, or taken to where temporarily wanted, and 
connected to the mains. The facility for putting on special 
tools or stamps is also very considerable ; and the shear blades 
are so attached that they can very readily be altered to any 
angle by moving the blocks which hold them. 

The valve gear is arranged so that the amount of water 
used is proportionate to the thickness of the plate punched. 
The angle and bar cutter is shown placed between the punch 
and the shears, but of course the combinations are practically 
endless. A great incidental advantage is the clear headway 
obtainable for cranes, owing to the absence of belting or 
shafting. 

Amongst the other different applications may be mentioned 
the 

Chain Cable Shearing Machine (Drawing No. 66). 

In this modification of the hydraulic shears just described, 
the general principle is, of couise, the same. The cable, 
although cut in one stroke, is, by stepping the knife, A, really 
cut in two efforts, thus allowing the area of the cylinder to 
be halved, although, of course, doubling the stroke. The same 
amount of water is therefore used, but considerable structural 
advantages are secured. 

The machine is a double-ended one, and chain cables from 
^ inch up to 3J inches in diameter can be cut without requir- 
ing any alteration in the knives. 

As in all Mr. Tweddell's machines, the return motion is 
automatic and effected by hydraulic pressure. These machines 
are in use in most of the principal public chain-testing estab- 
lishments in this country, and are worked both by pumps 
direct and also with accumulators. 

Rail Shears (Drawing No. 67). 

This illustrates another mode of applying hydraulic power 
by the use of a steam accumulator. This device has been used 
for many years, the novelty in the present machine consisting 
chiefly in the use of an automatic cut-off gear, which it is not 
necessary to describe in detail here. The principle of the 
apparatus is this : A large steam piston in the cylinder. A, and 

I 



114 HTDRAtJlIC I^EBSIlia MACHINERT. 

subject to pressure of steam from a boiler, aod having a con- 
siderable length of stroke, imparts a proportionately intense 
pressure per sqnare inch on the flnid in the smaller cylinder, 
B, placed above it The water in cylinder B being thus under 
great pressure, is conveyed through a pipe, C, to the hydraulic 
cylinder D, with a ram carrying the rail shears, E. The ram 
in cylinder D having only a very short stroke and a con- 
siderable diameter, the power stored up in the cylinder B is 
applied to great advantage. 

Without the intervention of this apparatus, it is clear that 
with the same steam power an impracticable size of shearing 
ram would be necessary, as the space through which the tool 
travels is so limited. 

The apparatus illustrated in Drawing tfo. 67 is intended 
to he carried in part« on railway trucks from one depdt to 
another, utilizing the steam from the boiler of the locomotive 
which draws it All old rails there accumulated are cut up to 
scrap, and the apparatus then moves on to the next station, 
and works off the old rails there. 



Stahfing, CoRRUOATiNO, AND FoRaiNO Pbbssbb (Drawing 

No. 68). 

This press is used for corrugating sheet iron or steel plates 

for roof-work, and also as a stamping machine for fence pillars, 

foot«teps, eto. 

It will corrugate plates 12 feet wide by ^ inch to J inch 
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Bending and Straightening Machines. 

This is another useful class of machine, and although 
hydraulic power obtained by means of a hand pump has 
often been used for this work, the machine shown in Drawing 
No. 69 possesses some novel features in addition to the quick- 
ness of working, due to the use of an "accumulator." The 
length of stroke of the ram, A, is regulated by means of tappet 
gear, B, and of course by the same means it can be kept 
uniform for any work where much repetition is required. The 
outer abutment blocks, C C, it will be seen, are moved towards 
and from each other by means of a right and left handed 
screw, D D, thus keeping their positions relative to the moving 
block, E, on the ram, A, correct, and capable of adjustment 
to the greatest nicety. By means of a coupling on the centre 
of screw at H, each side may, if required, work independently. 
No breakage^ can occur should too heavy a beam be put in, 
as the pressure due to the accumulator cannot be exceeded, 
and as these machines are made to exert a pressure varying 
from 10 tons to 100 tons, all classes of work &om small angles 
4^ inches by 4^ inches by If inch up to I section of the 
largest sizes rolled, can be bent or straightened. 

Flanging Machine. 

Drawing No. 70 shows one of Piedboeuf s machines, which 
is capable of flanging plates of all forms. These presses have 
been made powerful enough to flange steel plates 1^ inch thick 
and 8 feet in diameter. The mode of working is as follows. 
The ram. A, in the main cylinder, A2, carries a table, B, on 
which is supported a hollow matrix, C, made of suitable form 
to pass over a fixed die or block, D, but leaving enough 
space between their respective surfaces all round to enable the 
plate, E E, to be moulded. The action is a somewhat peculiar 
one, since the matrix, C C, passes beyond the block, D, leaving 
the plate on the latter. This being left still hot, easily falls off 
by its own weight, and is removed. There is, however, a very 
important matter to be attended to, namely, holding the plate 
firmly to the upper block, while the matrix, C C, is passing 
over it. 

The four small cylinders, H H, carry a flat table, I I. This 
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table being held firmly against the top block, D, with the 
plate between them, prevents any buckling of the latter. 

Very great speed is obtained in working by these presses ; 
in some agricultural workshops as many as 100 smoke box end 
plates hare been Banged in nine hours, and a large plate for 
the back end of a marine boiler combustion chamber in one 
minute and a half from the time of opening the furnace door 
to the plate being levelled and finished. 

All the applications of hydraulic power referred to in this 
article have been confined to machines having a reciprocating 
action, and, as a rule, exerting a great pressure through a small 
distance ; but there is little reason to doubt that, from the very 
favourable results already obtained at Toulon Dockyard and 
elsewhere, there is an ample margin to allow of even rotary 
and other motions being economically performed by hydraulic 
pressure. 

The simplicity and efficiency of the three- cylinder hydi'aulio 
engines of Mr. Brotherhood have already caused them to be 
thus used for capstans in large iron working shops ; and there 
is probably a large field for the use of su(£ machines in con- 
nection with bringing heavy work to machine tools. Mr, 
Tweddell has suggested their use for working the lifts for his 
fixed rivetting machines, and in some cases to use them for 
driving heavy rolls or lathes. 

In conclusion, the author cannot too highly recommend this 
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ADDENDUM. 

Clark and Standfield's Hydraulic Lift for Rail- 
way Trains. 

Since Part I. of this book has been in type, the author 
has been favoured, by the above firm, with a drawing and 
description of a novel application of their patent hydraulic 
system, which may probably solve a diflScult problem 
in railway work, especially in the vicinity of large towns, 
or where the trains of different companies may arrive at the 
same point at high and low levels. Much saving of time 
and cost would be effected by the proposed plan, which 
also has the advantage of being perfectly safe, free from 
all complication in working, and also a very economical 
application of power. 

A large amount of money has been wasted in forming 
inclines, which are very expensive and dangerous to work, 
and require excessive engine power. 

This is iUustrated by the approaches to the Thames Tunnel; 
the Ludgate Hill Station ; and the high-level stations of the 
London, Chatham, and Dover Railway ; the Snow Hill incline, 
and many similar places. 

This evil may be entirely obviated by the hydraulic system 
of balancing one train against another, or preferably by 
balancing the train by a differential compensating accumulator, 
with automatic valves, to ensure the horizontality of the 
system. 

Such a system, designed by Messrs. Clark and Standfield, is 
illustrated in Drawings Nos. 71 to 73. Drawing No. 71 shows a 
side elevation. Drawing No. 73 an end elevation, and Drawing 
No. 72 a plan of a hydraulic train lift (which may be made of 
any length), suitably guided and supported on a number of 
presses. The trains are balanced by a differential compensating 
accumulator (not shown in the drawing), on the system de- 
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scribed before ; bo that the train or accumulator may be made 
to preponderate, and be raised or lowered at will. The (rain 
is kept level by automatic valves, aa before described. When 
the height is modemte, this operation may be easily per- 
formed in less than one minute as in an ordinary passenger 
Uft 

Before the train descends, the opening is protected by 
powerful hydro-pneumatic buffers, as in the Drawing, which 
shows one in position, and one swung back. Similar buffers 
are provided at both ends of the lift. This system could 
be cheaply and readily applied both to tunnels and high-level 
bridges, and would be very suitable for river ferries. By a 
similar compensating system applied to balancing platforms 
for railway passengers, a railway tunnel might be constructed 
in the London clay at a low level beneath streets and houses, 
without interfering with any surface property, except at the 
stations, the trains being raised to \he high-level systems when 
outside the city area. 
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StudmU, tic., lie. Bf THOMAS Bavlev, Assoc R.C. Sc Ireland, Ana- 
lytical and Consulling Cbemist and Aasayer. Second edition, with 
additions. 437 pp., royal 321110, loan, gilt edges, 5^. 
Synopsis of Contents ; 
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If PiiiDU. uc— Sehibililr sf SubaUBcet—McthodiafObuinine SpedBc Gravity— -Con. 

nion of Hydron m BJ SOBiph of SoIuUdm hy Specific Gravit j — Analjriis — Gu AnalyiLj— 
Viicr Anilriii— QnalhuJTc Antl^ud Ructuiu— Volumcmc Analyt<> — Minlpuluioii— 
dtunloEy — AH«Ttiv^ALcaluJ«-B«er — Siiipir — UtsccUaneou* TeehnolocicU muRa 
elailng to Poaih. Sodi, Sulphuric Add. Chlorine, Tar Pnxlucls. PcDolcum. Milk. TtiUr*. 
liDtapKphy, PricB, Wagfli, Appeadix, elc-, «tc 

T&c Mechanician : A Treatise on the Construction 

ood ManipuIatioD of Tools, Tor the use and instruclion of Young Eneinecrs 
and Scientific Amateurs, comprising the Arts of Blactsmi thing and Fots- 
ing ; the Constrvclion and Manuracture of Hand Tools, anil tbc various 
Methods of Uunc and Grinding ttiem ; the CcHutruction of Machine TooU. 
and how to work them ; Madiine Fitting and Erection ; description of 
Hand and Machine Processes ; Taming and Screw Catting ; principtes of 
Constructing and details of Making nnd Erecting Steam ^guies. and the 
various details of setting out work, elc, etc. By Cameron Knicht, 
Enj^neer. Cenlaimti); 1 147 illuitrations, and 397 pages of Utlet-pieis. 
Third edition, 4(0, doth, i%s. 
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On Desiring- Belt Gearing. By E. J. Co\vlikc 

Welch, Men. In>t. Mech. Encineen, Aathor of 'Dajgning Vain 
Gcanng.' Fcap. 8vo^ Kwed, f>J, 

A Handbook of Formula, Tables, and Mtmoranda, 

jC'f Areiil/tlaral Suretyfri and otkeri mgagid in BtiSJmg. By J. T. 
IIUKST, C.E. 71iirte«nib edition, roy>l jimo, loui, y. 

Containing ; 

PomiulB aivl Tabid for the Stnngth gf llaierijili, Riior>, WatEr SopfilT. Sniajfc, Oat, 
■nd uthcr nuiun u>crul <u Archliici> and Buildcn— lofunutitm rorociwil iriih Simniir 
EnfiiiKcrine — McmurandA un ihe tcvcis] 'I'nde^ uicd in BuUdiDg, i*^ii^i.^ a Dhctiecvb <l 
Mueriali and AHlyta for Pricet oT Uuildcn' Wmk— The Pnciica cT BuOdcn' Ueuun- 
mcnt— Mcnuiratioii Mni Ibe Ihvkkui at Land— Tablet af the W«sl>n <( Im and oihcr 
Huildinit llalmali- — CanuuK of Libeui — Valuaiun at Pinpotr— Sumjauf sC ibc PncIiR 
in Uilapidiiliuni— Scale of I'loleuuna] Ouigu lut Aichilceti and Si»Tt]nin Tabta of 
Knctith and Knnch Wdshn and Ucaiura. 

" It ii TW dlipuaieinenl w the many ««ll«it pubUcatioBt wc tcfer ts, to bt that in aa 
aitEnion tbii litEle pucket-boDk of HurT>t\ li Ihe very be^t or them al], witbout aar cvccptioL 
It would be unctot In attempt a rccapitulatiup ai Ihc concents^ for k apficaii Ed coBtain almaii ] 
tvrrytUiir itat anyune cunnecled icitli bnUdinji euuld rtquin, and, bet) of all, nude uniai 
coiuiMl fjim fur eanyiDE In Ihe packet, neauriu only j in. by ; in., and about I ia. Ilikl. 
fDalimpcuvrr. We conjiTatulate Ihe auihur on Ihc iiicccb oiKu labnious and [vaaicallT 
conipilcd liHk book, which har, Tceeived unqualilKd and devrvcd prasK from every pr^i- 

Quantity Surveying. By J. Leaning. With 42 illus- 

ttationi, crown 8»o, clolh, 91, 
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^pon£ Architects^ and Builder^ Pocket-Book of Prices 

and Memoranda. Edited by W. YoUNG, Architect Royil ^2mD, toui, 
4^. bd. ; or cloth, red edges, ■y. 6d. Published antmalfy. Ninth edition. 

Now ready. 

^..ong-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical ind Practicil Advuitigei of the 
various adopted or proposed Type Systems of Constmctioo, with nomerons 
Formula and Tables giving the weight of Icon or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added umiUr 



cloth, y. 

Elementary Theory and Calculation of Iron Bridges 

and Roefs, By August Rittzr, Ph.D., Professor at the Polyle^oic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankzy, CapL R.E. With $00 iiluifralieiu, Svo, doth, Ip. 

TAe Builder's Clerk : a Guide to the Management 

of a Builder's Business. By THOMAS Bales. Fotp. Svo, clotb, 1/. 6d. 

The Ble?nentary Principles of Carpentry. By 

Thouas Tbbdgold. Revised from the original edition, and ptTtly 
re-written, by JOHN THOMAS HuRST. Contained in 517 pages of letter- 
press, and iilutlraitd with 48 plata and 150 veod engr^itangt, Tlurd 

edition, crown Svo, doth, 18/. 

S«i»n I. On the Equality and DutribuCion of Forca— Secliga II. 
rimUr — ScctioQ 111. Conimictiaii of Hoiiii — ScixioD IV. Coasln ' 
lOD V. Coiumictiini of DomEi and Cupolu — Stctiau VI. Coutr 
ieaaao VII. ScaAbldi, SuginE, and Gantria— Section VIII. Coiur 
jnlcci — Seclian IX. Cofler-duu, Sharing and Sirutliog— Secdon X. Woodea Bridtet 
LidViaductf— Section XI. Jaioti, Strapi, aad other Funnlnst— Section XII. Tjabn. 

Our Factories, Workshops, and Wareh/mses: their 

Sanitary and Fire- Resisting Arrangements. By B. H. Thwaite, Assoc 
Mem. Inst. C.K With 183 taoed ettgraangs, crown Svo, cloth, i^. 

The Electric Light in its Practical Application. By 

Fagkt Higgs, LL.D„ D.Sc, TeUbid Prizeman, and Associate Member 
of the Institation of Civil Engioeets. WUk 94 Muttrattam, 240 pages. 
Demy Svo, doth, 9;. 

CONTKNTS ; 
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Introductory— Lampi or BuTTwn EmpJoyin^ the 1 
Cudle InaimpH— LighliaE by IncUKfesceoce — Ma£D< 

Hechanleal EfficScncy of Eleenic Lijhl Machinei- . ...... ^ 

CofKcnini Eleccric Ughtjnz— EJecEnc Regulator— Conuacnul Aspect of ElecDlc 

^DiTiiion of the Elecoic LiEht— MarUim* and MUitujt * 

lie Qcclrk Liiht^Electric Cuboob 



of ElecDlc L^dDC 
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Progressive Lessons in Applied Science. By Edward 

Sang, F.R.S.E. Crown 8to, doth, each Put, %t. 

Put I. Gcuiiia y on Pipei — ftn ». SoliilitT, Wdfhi, Bid ft«iim Pm j. Trijomr 

A Practical Treatise on Coal Mining. By George 

G.AiiDKlS,F.G.S.,Auoc Inst C.E.,MeiDbeTof the SocUtjr of Engineer 
With 81 litAegrafhk plala. 2 volt, roynl 4to, doth, jl. Ill, 

CoxTBtrrs 
„~ .~_j»— II- r~] (I 

Sonhuw for Cul— r 

of Worklos-VK. C 

VenliliiiDii— XII. In,._. 

AccouDU— XV. Chaiadi 

Tie Electric Tratismissi&n of Power, its Present 

Patilian and Advaniagis. By Paget Higgs, LL.D., D3c, TelforJ 
}*riiem>n, and Associate Member of the Iiulitulioii of Cinl Engineer?. 
With nuaitraui illuilraliimt. Crown Svo, cloth, Jt. 

CONTEKTa : 

Dyninio.ElEeIrie Mic)i!bc«— The Grmmme Midline— The Bniil 
KUTDCT and Sicmcni Machine.— Efficiency af UynamiKlntrie h 
III* Tran,mi«lnn uf Power by Kl«tridly— KfBclency of Coupl* 



fnctlol Geulon — H- Cod, <n Mode ofOceum 
■■ - -aO—lV. Sh«r - ■ - 



Spofis'' Information for Colonial Engineers. Edited 

by J. T. Hurst, Demy 8vo, lewed. 



, Ceylon. B7 ABRAIUM DSAHE, CE. 

Contents : 

y Remniki— NiDinl Productiont — Archilcdur 
, ind Nalunl Huuuy— Prlncipa] Suiignt— Weisli 
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I Practical Treatise on Casting and Founding^ 

including descriptions of the modem machinery employed in the art By 
N. £. Sprbtson, Engineer. Second edition, with 82 plaUs drawn to 
scale. 412 pp., demy 8vo, cloth, i8ix. 



^he Clerk of Works: a Vade-Mecum for all. engaged 

in the Superintendence of Build' 
F.R.I.B.A. Fcap. Svo, doth, u. 



in theSuperintendence of Building Operations. By G. G. HosKiNg, 

" " r. 6a. 



topical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practiod treatise and 
Handbook of Reference for the Colonist, Manmacturer, Mer^ant, and 
Consumer, on the Cultivation, Pr^aration for Shipment, and Commercial 
Value, etc, of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropiod and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second edition, revised and improved, 515 pages, 
Svo, cloth, i/. I J. 

^teel^ its History^ Manufacture, and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. 860 pages and 
z^plata, 8vo, cloth, 3dr. 

Section I., History or Stbbl : Chap. x. History of Steet— s. Eariy Hbtor^ in England 
•3. Progress of Invention — ^4. History of Bessemer Process— 5. Siemens-Martin Process — 
Other Steel-making Processes— 7. Steel in America — 8. Germany— 9, France — za Austria 
-tx. Russia— Z3. Sweden— 13. Omer Countries. Section II., MANurAcruss or Stbbl: 
hap. 14. Cementation and other Methods — 15. Manufacture by Bessemer Process*— x6. 
iemens-Martin Process— 17. Other Methods. ^ Section III., Chbmical and Physical 
lOPBKTiBS or Stbbl: Chdip. x8. Phomhorus in Steel — 19. The Use of Manganese— ao. 
piegeleisen — 2Z. Sulphur in Steel — 22. Silicon in Steel — 21. Tensile Strength of Steel — 24. 
lechanical Tests of Steel — 25. Analysis of Steel. Section IV., Usbs or Stbbl: Chao. so. 
pphcation of Steel to Railway Purposes — 37. To Shipbuilding— 38. To Bridge Builuag— 
\, To General Purposes — 30. Guns and Armour Plates— 3Z. Other Purposes. 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales, Svo, cloth, (ys. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyeb, M. Inst C.E., M. InsL M.E. 
With IZpiates, Svo, cloth, iSx. 

A Descriptive Treatise on Mathematical Drawing 

Instrununts: their construction, uses, Qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and ColQur- 
ing. By W. F. Stanley, M.R.I., Mathematical Instrument Maker to 
H.M.' Government, Science and Art Department, etc, etc. Flftii edition, 
tuiih numerous illustroHons^ crown, Svo, doth, 5}. 
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Girder Making and the Practice of Bridge Building 

in U'roMshl Iron, iUiittr»ted by Example* of Bridges, Pien, Wvd Girder 
Work, etc, comlrucled >t the Skeine Iron Work*, Dirlington, by 
Edward IIltchinson, M. IoK. M.E. IVitk 35 fiata, iaaj Svo, 
dotb, lot. &/. 

Spans' Dictionary of Engineering, Civil, Mechanical, 

Military, and ^atiii; with technical lenni in French, Geimtn, TtaKM, 
uirl Spani»h, 3100 pp., «nd titarfy Sooo tngravimgi, in lupei^roya] Sto, 
in 8 divisions, 5/. it. Complete in 3 voli., doth, 5/. 5/. Bcnuid in a 
luperioi mumer, hnlf-morocco, top ed^e gilt, 3 vol*., 6/. 12/. 
SttJ>ag,lS. 

A Treatise on the Origin, Progress, Prevention, and 

Cttrt ef Dry Ret in Timber; with Remuki on the Meflni (rf' Fr g eiv ing 
Wood from Destmciion by Sea- Worms, Beetles, Ants, etc By Thomas 
Allen Britton, late Sarveyor to the Metropolitan Boaid of Works, 
etc, etc With to f lata, crown Svo, cloth, 7/. 6d. 

Metrical Tables. By G. L. Molesworth, M.I.C.E. 

3imo, cloth, li. tJ. 

CONTKMTS. 

' Gcacnl— Li neai MBiiiirei— Squire Meuurei— CuUc Meuura— Munm of Cspudtr- 
Wcighu— CombiEutioat— Thermomcttn. 

A Haitdbook of Electrical Testing. By H. R. 

Kehpb, Memlwr oi the Society of Telegraph Engineen. New edition, 
revised and enlarged, Ji/itk 81 illiulrafiotti. Crown Svo, cloth, 11/. 6>/. 

Simple Hydraulic Formnl^, By T. W. Stone, 

C.E., late District Engineer for Water Supply, Vidono. Crown Svo, 
cloth, ts. 
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i Pocket-Book of Useful Formula and Memoranda 

for Civiland Mukanical Enginari. By Guilford L. MoLEswoaTH. 
Mem. Inst. C.E., CoDSnIting Eaginecc to the Gavemment of India, foe 
State Railways. Wilk numireus illuitralinni. Twenty.fir=t edition, 
revised and enlarged, 3lmo, roan, 6i. 
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Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' 'Hurst's Tredgold's Carpentry,' etc. Fifth edition, 
64010, roan, gilt edges, ii. Or in doth case, U. 6d. 

Tbit work is prinlnl in n pearl type, and is » email, meaiuriiit only oi in^ by i| in. by 
I bi. Ibick, Ibal 11 may tx eaiUy earned in (he laisuoat podlc^ 

" It it cuninly no Htrcmelir nre thing for a reviewer lo be calted spun 10 notice a valiune 
DCasuTJnE but 9J m. by r| in., yet tbcK dimenilons faithfully rcHcBeDl the u'c of the lundy 
Utile book befons ui. 'Ilie loTunie — which omlaini 118 pnnled pa^, beudei s few blank 
ptfct for mcmoratidB— ii. in fact, a mie pocket-tioak, 



J. . . The little lolume has been 
■n ct>rdblly recommend il ID our 



Analysis, Technical Vabiation, Purification and Use 

o/CaalGai. By the Rev. W. R. EowDiTCK, M.A. Wn^vntodengravingi, 

8vo, cloth, izr. &/. 
ConilenuIioD of Gu— Purification of Cas— Light— MeasuriaE—Pbice of TeHins Gu— 
Ten Candls— The Slondinl for Measurinj Cai-lifihl— Test Burners— Tettiog Gas for 
Sulphur-Testing G15 for Ammunia—Condeiualiaa by Btomine— Gravimeoii: Method of 
oking Specific Cnrity of Giu — Catburcltini or rfiphihaliiine Gas— Aeeiylcne-'Eitploiioiii 
tfGu—Goawing of Caipipa by Rati— Pressure as related Is Public LiBhling, etc. 

A Practical Treatise on Natural and Artificial 

Concrtti, its Varulia and Canttructive AdapiatiBits. By Henry Reid, 
Au^or of the ' Science and Art of ihe Manufacture of Portland Cement.' 
New Edition, viilk 59 tuaidailt and 5 flatti, 8to, cloth, 151, 
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The Gas Analyst's Manual. By F. W. Hartley, 

Assoc. Intl. C.E., etc IKtA numercia ilbutratiom. Crown E*o, 
cloth, 6(. 

The French - Polishers ATanuaL By a French- 

Po1i>her; conlnining Timber Staininc, Washing, Matching, Improring, 
Taintinc, Imitations, Direct ioni fur Staining, Siiiog, EmbodjrinE, 
Smoothing, Spirit Varniihing, Frendi •Polishing, Diiectiou for Rt- 
polishing. Third edition, royal 3lmo, sewed, 6d. 

Hops, tlieir Citlitvation, Commerce, and Uses in 

varimit CountrUt. By P. L. SiHUONDS. Crown 8vo. cloth, 4r. 6J. 

A Practical Treatise on tjte Manufacture and Distri- 

buliuH /•/ Coal Coi. By Wiu-IAM KiCHARDS. Demy 4to, with nviwiT-fiif 
tooeii erigraviagt and V) plain, cloth, 3&r. 

SvNOPSis OF Contents : 

Introduction — Hiitorr of Gu Ln>itui[ — Cheini<trv oT Cu Muliifutnn, by Lnii 
ThgrniKui. Kiq., M.R.C.S.— Coil, •iih AnilVKi, by J. PaliouD, Lews T1waii»ii, and 
G. K. ItI'lap, KM)n.— KctOTK. Irun and Cby— Kctsn Selling— H^uHc Maio— Cos- 
denser*— Knhamlen—WaJicr* and Scnibbern^Purifien^l^infication^Hiitory of Gat 
IluldR — T^ki, Kridt and .Siunc, Coiii|>«i(c, Concntc. Ca>I-inin, CsmpouDd Ananlu' 
WTou^-bon— Spetfilkatiin^— >Gat Itulden-^Slattvii Meter — Governor— Diiinbudo^- 
Maint— Gai Mitbemuicc, or FuiiiidIb Iot ifae Dittribulion of Gu, by LewuThenpiiHi, Eku— 
SerrieB— Ciinwmcrt' M«c»— Ke£ulaun— Hutnen— Fitllusi— PhMomiMp^^buHiadu 

uf Cm— Air G« and Wawr Gji— CumpoiHiun of Coal Gu, by ' — "- "" ■• - 

" " - orrf.Traip. 



M«cn_Ketul3 

Wawr Gji-<Jol _^ _, ,. 

ily«i uf Gai— Infliienee of Alniu.phiric P«!«ute oirf Tnniwrature oa Gu— Retidual 

IVududi— Appendii— UeicriiHiati uC KeuiI Seltingi, BuiLdlnti, etc., etc 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geomcliy ada]>led lo the Requirements of the 
Encioeerinfi l)raui;hi>nian, including the dttcnninntinn of cast shadows 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canalt. By W. R. Kuttee, t«uisl»ted &om articles in 
the ' Cnltur-Ingeoiear.' B; Lowi9 D'A. Jackson, Assoc Inst. C.E. 
Svo, doth, 121. id. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc^ etc Bjr T&OMAE Box. FiAh edition, 
numertnu flatet, post Svo, cloth, p. 

A Practical Treatise on t/ie Construclion of Hori- 

iottlal and Virtual Walcruihaii, ■with 1 1 flala, specially designed for 
the use of operative mechanics. By Williau Cullen, Millwnght and 
Engineer. Second edition, revised and enluged, small 410, cloth, 12s. bd. 

Aid Book to Engineering Enterprise Abroad. By 

EwiNG Matresoit, M. Inst. C.E. The book treats of Fnblic Works 
and Eagineering Enterprises in their inception and preliminary arrange- 
ment ; of the different modes in which money is provided for their 
accomplishment ; and of the economical and technical considerations by 
which success or failure is determined. The information necessary to 
the designs of Engineers is classified, as are also those particulars by 
which CoDtraclon may estimate the cost of works, and Capitalists the 
probabilities of profit. Illuilraled, 2 vols., Svo, 12s. 6d. each. 

■Z"^ Essential Elements of Practical Meclmnics ; 

batal on the PrincipU of Work, designed for Engineering Stadents. By 
OUV£R BvKNE, formerly Professor of Mathematics, College for CivU 
Ei^necrs. Thud edition, imth 148 -axiod tngnniings, post 8vo, cloth, 

C0NTBHT8 : 

Chap. I. Hini Woric is Maimed by > Unll, b«Ih with aod wilhout nrennce la 1 Unit 
of Timt— Chap. 1. The Work of Living AnDti, the Influenu of Friction, uxl iDIroducci 
one of the mosl buutifui Law> of Motion— Chap. }. The principlu expounded in ihe tint and 
Kcond chapien are applied to IhcMolionorBodie^-aup. 4. The Tmumiuion of Woili by 
bmple Machioei— Ctiap. i- Utefut PropoiUiani and Rate^ 

The Practical Millwrights and Engineer's Ready 

Heekontr; or Tables for Ending the diameter and power of cog-whee^ 
diameter, weight, and power of shafts, diameter and strength of bolts, ete. 
By Thouas Dixon. Fourth edition, izmo, cloth, y. 

Breweries and Malting : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scawell, F.R.I., B.A. Second 
edition, revised, enlarged, and partly rewritten. By F, Colyek, M.I.C.E., 
M.I.M.E., tailA lOfitates, gvo, doth, iSi. 

A Practical Treatise on the Manufacture of Starch, 

ClucBsr, Starch-Sugar, and Dextrine, based on the German of L, Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and other 
authorities. By Julius Frankbl, edited by Robert Huttkb, proprietor 
of the Philadelphia Starch Works, With 58 iUuitrationi. 344 pp., 8\-o, 
cloth, lit. 
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A Practical Treatise on MUl-gearing, Wheels, Shafts, 

R'SXrri, tte.; lot the use of Enfinecn. By ThOUAS BoX. Ttiiid 
editioD, vath 1 1 pitUit. Ciown 8vo, doth. It. id. 

Mining Machinery: a Descriptive Treatise on the 

M»cbinei7, TooU, and other Aputiancn nied in Minli^. Bjr G. G. 
Axdr£, F.G.5., Atsoc InsL C.E., Mem. of the Society of Eagineeis. 
Koyal 4to, uaifoTm with the Author'i TreitUe on Coal Miniiic, con- 
taining i%% plain, accurately dmwn to lode, with deKriptive text, iu 
3 V0I14 cloth, 3/. IU. 

Contents : 

MjkchinerT for IVo^pdetinc, Eiavkdne. Haulinr, uid Holiting — VnlitAiiaik— Pompiaff— 
Truuncni gf Mliwnl Pnducu. induding Ggld ud SUtct, Copper, Tin. ud Lad, troD. 
Coal, Sulphur, Ctiini Cby, tlHsk I'Jnh. cic 

Tlu Pattern Maker's Assistant; embracing Lathe 

Worlt, Branch Work, Cote Work, Sweep Work, and Practical Gear 
Conitniclion, the Prvparation and Use of Tooli, togethei with a la^e 
collection of ficful nnd Valuable Tabid. By Joshua Rose, M.E. 
With 250 illuttralieni. Crown 'i\a, cloth, Io>. 6d. 

The Scimce and Art of the Manufacture of Portland 

Ctmttil, with observations on some of its conslmctive applications, wUk 
66 UluslraHciu. My Hknry Keid, C.E., Author ol *A Fiactical 
Treatise on Concrete,' etc, etc Svo, cloth, 18/. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of &i2ineerins. 
Architectural, and Mechanical Drawings. With nuimnau ilTustraluns 
in the tcxi, and 33 tlala (15 frinltd in toUtiri). By G. G. Akdrk, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 91. 
Contents ; 

Thi Diawing Office and iw FumiALngi— CcnmeiTiial P 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc, adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, ^r. 

Laxtons Builders and Contractor^ Tables ; for t/te 

use of En^eers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 csuculations. 
4to, cloth, 5j. ' 

Laxtons Builders and Contractors^ Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 410, cloth, $s. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. List. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts, 8vo, cloth, l/. lOr. 

Screw Cutting Tables for Engineers and Machinists ^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.K,A.S., 
etc. Royal 8vo, cloth, oblong, 24*. 

Screw Cutting Tables, for the use of Mechanical 

Elngineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, ix. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; togetiier with Stephenson's^ 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, doth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised bv his Son, E. F. Bailst-Denton, C.E., B.A. 
With 140 illustrations, 8vo, cloth, Sx. 6^. 
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Treatise on Valve-Gears, with special consideration 

nf ihe Link-Molion* of LoeomotiTc En^nei. By Dr. Guitav ZEtrNBL 
Third edition, reviled and enlarged, trtnilaEed from the GernMii, with the 
special peimiuion of the author, by MotiiTZ MOllek. Plata, 8vo, 
cloth, lu. 6i/. 

A Pockd-Book for Boiler Makers and Steam Users, 

comprisine ft vtrietf of uscfal inrorniatiun for Emplojrer oad Workman, 
Uovemment Inspecton, Boftnl of Trade Survejron, Engineer* in chai^ 
of Worki and Slipi, Fari.'men of Manufactorie*, and the general Steam- 
using Put>lic By Maukicb Johk Sexton. Second Editioo. Royil 
331UU, roan, gilt edges, 5r. 

TIic Slraifts upon Bridge Girders and Roof Trusses, 

ini:lac1ine the Warren. Lattice. Trellis, Buwslriog, and'other Forms of 
Oinlcra, Ihu Curved Root, and Simjile and Compound Tnuiee. By 
■i'MOs, CAKGlLt, C.K.B.A.T,. CD., Assoc. Inst. C.E., Member of tlie 
Society of Engineers, witA 64 illuilriilieiu, drawn and ■aorbd tiU to icak, 
Svo, tloih, iw.6rf. 

A Practical Treatise on the Steam Engine, con- 
taining I'lans and Arrangements of Detnili for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Contimciian. By 
Arthur Rigg, Engineer, Member of Ihe Society of Enfiincers and d 
the Koyal Inslitution of Great Ilritain. Demy 4to, eofivnuly illuslralid 
w/M uniuW'tf nni/ 96 //dCAT, in one Volume, half-bound morocco, 2l.3J.i 
or cheaper edition, clo\b, a$i. 
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1 Practical Treatise on the Science of Land and 

Engimering Surveyings Levelling^ Estimating Quanti/ies, ftc,, vrith a 
general description of the seveial Instruments required for Surveying, 
Levelling, Plotting,- etc By H. S. Mer&ett. Third edition. 41 piates 
wit A Illustrations and Tables^ royal Svo, cloth, I2s. 6^. 

Principal Contents : 

^Parfx. Introduction and the Principles of Geometry. Part a. Land Sunrepng; com- 
ising General Observations— The Chain— OActs Surveyinff hy the Chain onl^r—Surveying 
iUy Ground — ^To Survey an Estate or Pansh by the Chain only*— Surveying with the 
heodolite— Mining and Town Surveying-— Railroad Surveying — Mapping— Division and 
aying out of Lan(f— Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Irople and^ Compotmd Levelling-^The Level Book— 'Parliamentary Pkm and Section— 
evelling with 'a Theodolite — Gradients — Wooden Curves— To Lay out a Railway Curve — 
fitting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
mbankments — ^Tunnels— Brickwork — Ironwork— Timber Measuring. Part 5. Description 
id Use of Instruments in Surveying and Plotting— The Improved Dumpy LeveJ—Troughton's 
evel— 'The Prismatic Compass — Propoitionar Compass— Box Sextant*— Vernier— JP^tao 
ai^ — Merrett's Improved Quadrant — Improved Computation Scale— The Diagonal Scale— 
^i^ht Edge and Sector. Part 6. Logarithms of Numbers — LjOKarithmic Sines and 
o-Sines, Tangents and Co-Tangents— ^Natural Sines and Co- Sinea— Tables for Earthwork, 
r Setting out Curves, and for various Calculatk>ns, etc., etc, etcu 

^aws: the History ^ Development^ Action^ Classifieds 

tion, and Comparison of Saws of all kinds. By ROBERT Grimshaw. 
With 220 illustrations^ 4to cloth, \zs, td. 

4 Guide for the Electric Testingof Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations. 
Second edition, crown Svo, cloth, 4s. 6d» 

^^aying and Repairing Electric Telegraph Cables. By 

CapL V. Hoskicer,* Royal Danish Engineers. Crown Svo, cloth, 

4 Pocket- Book of Practical Rules for the Proportions 

of Modem Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Eighth edition, royal 3amo, roan, 4r. 6(/. 

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw Engines, 
sdllating Engines, Valves, etc., Xand and Marine Boilers, Proportions of Engines produced 
f the Rules, Proportions of BoUers, etc. 

Table of Logarithms of the Natural Numbers, from 

I to 108,000. By Charles Babbage, Esq., M.A. Stereotyped edition, 
royal Svo, cloth, yx. (>d. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
ega's, Hutton's, Briggs', Gardiner's, and Taylors Tables of Logarithms, and carefully read 
f nine different readers : and further, to remove any jposslbility of an error remaining, the 
ereotyped sheets were hung up in the Hall at Cambndge University, and a reward offered 
• anyone who could find an inaccuracy. So correct are these TaUea, that since their first 
fue in 1837 no error has been dbcovered. 
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Tltc Steam Engine considered as a Heat Engine : a 

TrcaliK on the Tbeorf of the Steam Engine, illiutratcd b; Diagrams, 
Tables, uid Eximplei from Prutice. Br JaS. H. CotTBULL, M.A., . 
F.R.S., Profeuor of Applied Meduaia m the Royal Naval Collie. 
8vo, cloth, iit.bd. 

The Practice of Hand Turning in Wood, Ivory, SlulL 

at., with lutnicliani for Tumini; inch Work in Metal as nuy be re<|tured 1 
in the Practice of Turning in Wood, Irory, etc., al»o an Appendix on 1 
Onuunental Turning. (A book for besinnen). Bjr Fkancis Camfin. 
Second edition, utM luoed tagrmnHgi, crown Sto, cloth, 6i. 

CONTENTI : 
On Lalhe*— Turamc Toali— TunEiif Woal— Drillin g — ikn nf CiAiiv— UuccIUikou! 
Appkntus aod Proccuc*— TuntiDf l^rtiulAr Forau^^SumUi^^PoIuluBc— Sptiuiiic Hctili 
— Miigjili Onmrntnul Turainc. etc 

Health and Comfort in House Building, or Ventila- 
tion teitk Warm Air by Silf-Aeting Sue/Lin Pmiier, with Review ot the 
mode of Catculnling the Draught in Hot-Air Flues, and wifli some actual 
Experiments. By J. Dkysdale, M.D„ and J. W. Havwakd, M.D. 
Second edition, with Supplement, vdth flata, demjp %io, cloth, "]!. bd. 

Treatise on Watchwork, Past and Present. By the 

Rev, H, L. Nelthbopp, M,A., F.S.A. With 33 Ultiara&ms, crou-n 
8vo, cloth, 6j. 6rf: Contents = 

I>eGniiion9 of Wonli and Teimi lued [n Wiichwnk— Tooli— Time-HEitonciiI Sum- 
mary—On Caleutiiioni of Ih< Numben for Wh«l> und Pinioni; thdr ProponioMl Sitn. 
Traint, tie— Of Diil Wheili. or Motion WoA— Umgib of Time of Goii«*iihoiu Wlndbs 
lip— The Verse— ThE Kuriianul — The Duplex — The Ler*— Tke OuoaniiBIcc— RhieUIde 
Waichei-Kcyleu Wttche^-The Ptodulum. or Spinl Sprinf— Compauiiaii— JmllisE of 
T.- . TT 1.. ."..-I .^ — FjJlaciei of the Tr»de— Incapacity of Wecfcnw^— How 10 Chime 



Spojts' Engineers' and Contractors' Illustrated Book 
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